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(54) Internal combustion engine including heat accumulation system, and heat carrier supply 
controi system 



(57) Disclosed is a technology capable of efficiently 
supplying a heater core 1 2 or a heat accumulation sys- 
tem 16 or an internal combustion engine body 1 with 
cooling water heated by a cooling water heating mech- 
anism 20 by restraining an unnecessary heat radiation 
from the cooling water in an Internal combustion engine 
including the heat accumulation system. The internal 
combustion engine including the heat accumulation sys- 
tem has a first heat carrier circulation route on which the 
heat carrier circulates through the cooling water heating 



mechanism 20 and the heater core 12 without via the 
internal combustion engine body 1 , a second heat car- 
rier circulation route on which the heat carrier circulates 
through the cooling water heating mechanism 20 and 
the heat accumulation system 1 5 without via the internal 
combustion engine body 1 , and a heat carrier circulation 
route on which the heat carrier circulates through the 
heat accumulation system 15 and the internal combus- 
tion engine body 1 , and Is capable of properly selecting 
these routes. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present Invention relates generally to an s 
Internal combustion engine cooled or heated by circu- 
lating a heat carrier such as cooling water etc, and more 
particularly to an internal combustion engine including 
a heat accumulation system for accumulating the heat 
held by the heat carrier. 

[0002] In the case of executing a cold start-up of the 
internal combustion engine, a temperature of a wall sur- 
face of each of an intake port and a combustion chamber 
is low, and therefore a temperature of suction air is easy 
to decrease corresponding thereto. When the tempera- is 
ture of the suction air of the intemal combustion engine 
is low, a fuel is hard to vaporize and is easy to adhere 
to the wall surface of the combustion chamber etc, and 
hence there is a necessity of increasing a quantity of 
fuel injection In a way that takes a wall surface adhered 20 
fuel quantity into account. 

[0003] When the temperature of the suction air of the 
internal combustion engine is low, a temperature of an 
air/fuel mixture at a compression stroke is lowered, so 
that an Ignitability of the fuel is easy to decline and a 25 
comparatively large quantity of fuel is easily discharged 
from the intemal combustion engine as the fuel remains 
unburned. 

[0004] Further, if the internal combustion engine is 
classified as a watercooled intemal combustion engine, 30 
a temperature of the cooling water Is lowered when per- 
forming the cold start-up of the internal combustion en- 
gine. It is therefore impossible to exchange the heat be- 
tween the cooling water and the air for heating an interior 
of a car room and is difficult for an car room interior heat- 35 
ing system to exhibit a sufficient perfomiance. 
[0005] Thus, when the internal combustion engine is 
In the cold state, there arise a variety of problems such 
as a decline of start-up property, an increase in quantity 
of fuel consumption, deterioration of an emission of ex- ^0 
haust gas or a decline of perfomnance of the car room 
interior heating system. 

[0006] To overcome the variety of problems given 
above, there have hitherto been proposed a heat accu- 
mulation system of an engine as disclosed in Japanese ^5 
Patent Application Laying-Open Publication No. 
6-185359 and a heating system for a vehicle as dis- 
closed in Japanese Patent Application Laying-Open 
Publication No. 10-309933. 

[0007] The heat accumulation system of the engine so 
disclosed in Japanese Patent Application Laying-Open 
Publication No. 6-1 85359, has a heat accumulator pro- 
vided in a second cooling water passageway In a water 
cooled internal combustion engine including a first cool- 
ing water passageway extending via a cylinder block ss 
and the second cooling water passageway extending 
via a cylinder head. 

[0008] This heat accumulation system of the engine 
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is constructed to wann up preferentially the cylinder 
head by circulating the cooling water heated by the heat 
accumulator through the second cooling water pas- 
sageway, thereby attempting to wamn up an intake sys- 
tem and a fuel supply system. 

[0009] On the other hand, the heating system for the 
vehicle disclosed in Japanese Patent Application Lay- 
ing-Open Publication No. 10-309933, includes a water 
passageway for flowing the cooling water via the internal 
combustion engine and a heater core, a heat accumu- 
lation tank, provided more upstream In a cooling water 
flowing direction than the heater core, for reserving the 
cooping water in a way that keeps the heat, an exother- 
mic body, provided more upstream in the cooling water 
flowing direction than the heat accumulation tank on the 
water passageway, for heating the cooling water flowing 
through the water passageway, and an electrically-driv- 
en pump, disposed more upstream in the cooling water 
flowing direction than the exothemnic body on the water 
passageway, for feeding by pressure the cooling water 
flowing through the water passageway. 
[0010] This heating system for the vehicle is con- 
structed such that the high-temperature cooling water 
heated by the exothermic body is reserved in a heat ac- 
cumulation tank and supplied to the heater core when 
the temperature of the cooling water Is low as at a cold 
time, thereby enhancing a heating perfonnance. 
[0011] By the way, in the heat accumulation system 
of the engine disclosed in Japanese Patent Application 
Laying-Open Publication No.6-185359, even after the 
high-temperature cooling water within the heat accumu- 
lator (which will hereinafter be called heat accumulation 
hot water) has reached the cylinder head, the cooling 
water continues to circulate, and hence the following 
problems (1) - (3) might arise. 

(1 ) The heat accumulation hot water having arrived 
at the cylinder head from the heat accumulator Is 
discharged from the cylinder head, and the low- 
temperature cooling water staying previously in the 
cylinder head again flows into the cylinder head. 
Therefore, the cylinder head heated by the heat ac- 
cumulation hot water is cooled by the low-temper- 
ature cooling water. 

(2) When the heat accumulation hot water flows 
somewhere other than the cylinder head, the heat 
of the heat accumulation hot water is transferred to 
a member excluding the cylinder head. 

(3) If the heat accumulation hot water Is circulated 
by an electrically-driven water pump, the electric 
power consumed by the electrically-driven water 
pump unnecessarily Increases. 

[0012] Further, in the heating system for the vehicle 
disclosed in Japanese Patent Application Laying-Open 
Publication No. 10-309933, the internal combustion en- 
gine, the electrically-driven pump, the electric heater, 
the heat accumulation tank and the heater core are dls- 
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posed in series sequentially fronn an upstreann side of 
the cooling water flowing direction. Therefore, the fol- 
lowing problems (a) ~ (c) might be caused. 

(a) If there arises a necessity of supplying the heater s 
core with the cooling water heated by the electric 
heater, a large quantity of cooling water in the cir- 
culation circuit extending via all of the Internal com- 
bustion engine, the electrically-driven pump, the 
electric heater, the heat accumulation tank and the 10 
heater core, must be heated, resulting in an In- 
crease in consumption of the electric power and a 
decline of the heating performance. Especially be- 
cause of a targe thermal capacity of the internal 
combustion engine, the heat of the cooling water *5 
heated is absorbed by the internal combustion en- 
gine. 

(b) In the case of supplying the Internal combustion 
engine with the heat accumulation hot water In the 
heat accumulation tank, the cooling water having 20 
flowed out of the heat accumulation tank flows into 

the internal combustion engine after via the heater 
core, so that a flow resistance of the cooling water 
rises. In this case, a quantity of the heat accumula- 
tion hot water flowing Into the Internal combustion 2s 
engine per unit time decreases, and a quantity of 
the heat transferred to the internal combustion en- 
gine from the heat accumulation hot water per unit 
time, also decreases corresponding thereto. 
Hence, the Internal combustion engine Is not suffi- 30 
clently preheated, or it takes much time to preheat 
the Internal combustion engine. 

(c) When supplying the heater core with the high- 
temperature cooling water flowing out of the internal 
combustion engine, the cooling water having flowed 55 
from the internal combustion engine flows into the 
heater core after via the electrically-driven pump, 

the electric heater and the heat accumulation tank, 
whereby the flow resistance of the cooling water ris- 
es. In this case, a flow quantity of the cooling water 40 
flowing into the heater core per unit time decreases, 
and a quantity of the heat transferred to the air for 
heating from the cooling water per unit time In the 
heater core, also decreases corresponding thereto, 
with the result that the heating perfomriance de- 45 
creases. 

[0013] Note that It can be considered for overcoming 
the problems (b) and (c) given above to Individually pro- 
vide a water passageway bypassing the heater core, a 50 
water passageway bypassing the electrically-driven 
pump and a water passageway bypassing the heat ac- 
cumulation tank. A problem is, however, that the cooling 
water circulation circuit becomes complicated, and this 
leads to a poor mountability of the vehicle heating sys- ss 
tem into the vehicle. 
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SUMMARY OF THE INVENTION 

[0014] It is a primary object of the present Invention, 
which was devised to obviate the variety of problems 
described above, to provide a technology capable of ef- 
ficiently promptly transferring a desired quantity of heat 
to an internal combustion engine ol- a heater core or a 
heat accumulation system in the internal combustion 
engine including the heat accumulation system for re- 
serving a heat carrier in a way that keeps the heat. 
[0015] To accomplish the above object, according to 
a first aspect of the present Invention, an internal com- 
bustion engine including a heat accumulation system, 
comprises an Intemal combustion engine body cooled 
or heated by circulating a heat carrier, a heater core for 
exchanging the heat between the heat carrier and the 
air for heating an Interior of a car room, a heat accumu- 
lation system for reserving the heat carrier In a way that 
keeps the heat, a heat carrier heating mechanism for 
heating the heat carrier, a first heat carrier circulation 
route extending In circulation through the heat earner 
heating mechanism and the heat core without through 
the Internal combustion engine body, a second heat car- 
rier circulation route extending in circulation through the 
heat carrier heating mechanism and the heat accumu- 
lation system without through the internal combustion 
engine body, and a third heat carrier circulation route 
extending in circulation through the internal combustion 
engine body and the heat accumulation system. 
[0016] According to this construction, on the first heat 
carrier circulation route along which the heat carrier cir- 
culates through the heat carrier heating mechanism and 
the heater core, the heat carrier heated by the heat car- 
rier heating mechanism is supplied to the heater core 
without via the Internal combustion engine body. Fur- 
ther, on the second heat canier circulation route along 
which the heat carrier circulates through the heat carrier 
heating mechanism and the heat accumulation system, 
the heat carrier heated by the heat carrier heating mech- 
anism is supplied to the heat accumulation system with- 
out via the internal combustion engine body. Moreover, 
onthethird heat carrier circulation route along which the 
heat carrier circulates through the internal combustion 
engine body and the heat accumulation system, the 
heat carrier reserved In the hear accumulation system 
in a way that keeps the heat can be supplied to the in- 
ternal combustion engine body. 

[0017] The cooling water and a lubrication oil may be 
exemplified as the heat carriers according to the present 
Invention, Further, a combustion type heater for heating 
the heat carrier with combustion heat by burning a fuel 
in a combustion chamber separate from the internal 
combustion engine body, and an electric heater for heat- 
ing the heat carrier by converting an electric energy into 
a thermal energy. 

[001 8] In the internal combustion engine Including the 

heat accumulation system according to the first aspect 
of the present invention, the first heat carrier circulation 
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route, the second heat carrier circulation route and the 
third heat carrier circulation route may have a route In 
common to each other, and a pump mechanism for feed- 
ing the heat carrier by pressure may be disposed on the 
common route. 

[0019] In this case, the circulation of the heat carrier 
along the first heat carrier circulation route, the circula- 
tion of the heat carrier along the second heat can-ier cir- 
culation route and the circulation of the heat carrier 
along the third heat earner circulation route, can be at- 
tained by the single pump mechanism. 
[0020] In the internal combustion engine including the 
heat accumulation system according to the present in- 
vention, the above circulation of the heat carrier can be 
established no only in a case where the first heat carrier 
circulation route and the second heat carrier circulation 
route have their route segment common to each other 
but also in a case where all the passageways of the first 
heat carrier circulation route are coincident with all the 
passageways of the second heat carrier circulation 
route, i.e., the first and second heat carrier circulation 
routes share all their passageways. In this case, the 
heat accumulation system as a whole can be construct- 
ed with a light weight. 

[0021] In the internal combustion engine including the 
heat accumulation system according to the first aspect 
of the present invention, the heat carrier heating mech- 
anism, the heater core, the pump mechanism and the 
heat accumulation system may be disposed on a route 
common to the first heat earner circulation route and the 
second heat carrier circulation route as well as being 
disposed in series In this sequence in a flowing direction 
of the heat carrier. 

[0022] In the thus constructed internal combustion en- 
gine including the heat accumulation system, the heater 
core is positioned just downstream of the heat carrier 
heating mechanism, and hence the heat given to the 
heat carrier from the heat carrier heating mechanism 
can be supplied to the heater core at a high efficiency. 
[0023] The internal combustion engine including the 
heat accumulation system according to the first aspect 
of the present invention may further comprise a first 
short-circuit passageway, diverging from more down- 
stream in the heat carrier flowing direction than the heat 
accumulation system and connected to an upstream 
point of the heat carrier heating mechanism, for config- 
uring a route extending in circulation through the heat 
carrier heating mechanism, the heater core, the pump 
mechanism and the heat accumulation system. 
[0024] In thethus constructed internal combustion en- 
gine including the heat accumulation, 
[0025] In the thus constructed internal combustion en- 
gine including the heat accumulation system, the route 
along which the heat can-ier circulates through the heat 
carrier heating mechanism, the heater core» the pump 
mechanism and the heat accumulation system without 
via the internal combustion engine, can be easily con- 
figured. 
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[0026] The internal combustion engine Including the 
heat accumulation system according to the first aspect 
of the present Invention may further comprise a second 
short-circuit passageway, diverging from more down- 
5 stream in the heat carrier flowing direction than the heat 
canrier heating mechanism, connected to an upstream 
point of the pump mechanism and bypassing the heater 
core. 

[0027] In the thus constructed internal combustion en- 

10 gine including the heat accumulation system, the heat 
carrier heated by the heat carrier heating mechanism 
can be circulated without via the heater core, and there- 
fore the high-temperature heat carrier heated by the 
heat carrier heating mechanism can arrive at the heat 

15 accumulation system without via the heater core. 

[0028] In the internal combustion engine including the 
heat accumulation system according to the first aspect 
of the present Invention, the heater core and the heat 
accumulation system may be disposed in parallel with 

20 each other in the heat carrier flowing direction, and the 
first heat carrier circulation route and the second heat 
carrier circulation route may be configured so that a 
route extending in circulation through the pump mech- 
anism, the heat accumulation system, the heat carrier 

25 heating mechanism and the heater core without via the 
Internal combustion engine body, can be formed. 
[0029] In the thus constructed internal combustion en- 
gine including the heat accumulation system, it is feasi- 
ble to selectively configure the circulation circuit in which 

30 the heat carrier flows via all of the intemal combustion 
engine body, the heat carrier heating mechanism, the 
heater core, the pump mechanism and the heat accu- 
mulation system, the circulation circuit in which the heat 
carrier flows via only the internal combustion engine 

35 body and the pump mechanism, the circulation circuit in 
which the heat can-ier flows via only the pump mecha- 
nism, the heat accumulation system, the heat carrier 
heating mechanism and the heater core, and the circu- 
lation circuit In which the heat carrier flows via only the 

40 Internal combustion engine body, the heat cannier heat- 
ing mechanism and the heater core without Individually 
providing the passageway bypassing the heater core 
and the passageway bypassing the heat accumulation 
system and the pump mechanism. 

45 [0030] In the internal combustion engine Including the 
heat accumulation system substantially according to the 
first aspect of the present invention, the heat carrier 
heating mechanism may be disposed more downstream 
in the heat carrier flowing direction than the heater core 

so and more upstream than the heat accumulation system 
on the first heat carrier circulation route and the second 
heat carrier circulation route. 

[0031] In this case, the heat accumulation system is 
disposed just downstream of the heat carrier heating 
55 mechanism, and It is therefore possible for the heat ac- 
cumulation system to accumulate the heat given to the 
heat carrier from the heat carrier heating mechanism at 
a high efficiency. 
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[0032] To accomplish the above object, according to 
a second aspect of the present Invention, an internal 
connbustlon engine including a heat accumulation sys- 
tem, comprises heat carrier flow passageways, formed 
in a cylinder head and a cylinder block of the internal 
combustion engine, for flowing a heat carrier through, a 
heat accumulation system for reserving the heat carrier 
in a way that keeps the heat, a heat carrier supply mech- 
anism for supplying the heat carrier in the heat accumu- 
lation system to the heat carrier flow passageway of at 
least the cylinder head of the internal combustion engine 
when or before starting up the internal combustion en- 
gine, and a heat carrier supply stopping mechanism for 
stopping the supply of the heat carrier to the heat carrier 
flow passageway from the heat accumulation system 
when a predetermined condition is established after the 
heat carrier supply mechanism has started supplying 
the heat carrier. 

[0033] In the thus constructed Internal combustion en- 
gine Including the heat accumulation system, the heat 
carrier supply stopping mechanism supplies the heat 
carrier flow passageway in the cylinder head with the 
high-temperature heat carrier reserved in the heat ac- 
cumulation system when or before starting up the inter- 
nal combustion engine. 

[0034] Upon a start of the supply of the heat earner to 
the Internal combustion engine from the heat accumu- 
lation system, the heat carrier supply stopping mecha- 
nism judges whether or not a predetermined condition 
Is established. The predetermined condition is, for ex- 
ample, that a quantity of the heat carrier supplied to the 
hat carrier flow passageway from the heat accumulation 
system be equal to or larger than a predetermined quan- 
tity, and preferably that the high-temperature heat car- 
rier reserved in the heat accumulation system flows In 
spread through at least the heat carrier flow passage- 
way In the cylinder head (i.e., the low-temperature heat 
carrier staying in the heat carrier flow passageway in the 
cylinder head flows out of this heat carrier flow passage- 
way, and, in place of this low-temperature heat carrier, 
the high-temperature heat cannier reserved in the heat 
accumulation system flows in spread through the heat 
carrier flow passageway). 

[0035] The following is what can be exemplified as a 
method of judging that the quantity of the heat carrier 
supplied to the heat earner flow passageway from the 
heat accumulation system Is equal to or larger than the 
predetermined quantity. One method is to presume that 
a predetermined or larger quantity of heat carrier has 
been supplied to the heat carrier flow passageway from 
the heat accumulation system when a predetermined 
time elapses since the heat accumulation system has 
started supplying the heat carrier to the heat carrier flow 
passageway. Another method is to presume that a pre- 
determined or larger quantity of heat carrier has been 
supplied to the heat cannier flow passageway from the 
heat accumulation system when a temperature of the 
cylinder head of the internal combustion engine be- 



comes equal to or higher than a predetermined temper- 
ature. A further method Is to presume that a predeter- 
mined or larger quantity of heat carrier has been sup- 
piled to the heat carrier flow passageway from the heat 
5 accumulation system when a temperature of a prede- 
termined portion of the heat carrier flow passageway be- 
comes equal to or higher than a predetermined temper- 
ature. 

[0036] The heat carrier supply stopping mechanism 
10 may permit the supply of the heat carrier by the heat 
carrier supply mechanism till the predetermined condi- 
tion described above Is established, and stops the sup- 
ply of the heat carrier by the heat carrier supply mech- 
anism when the predetermined condition Is established. 
15 Note that the hat carrier supply stopping mechanism 
may, after the predetermined condition has been estab- 
lished, permit the circulation of the heat carrier as far as 
an interior of the internal combustion engine is con- 
cerned. 

20 [0037] In this case, it follows that the high-tempera- 
ture heat carrier supplied from the heat accumulation 
system stays In or circulates through the heat carrier 
flow passageway, thereby restraining the low-tempera- 
ture heat carrier previously staying in the heat carrier 

25 flow passageway from flowing again Into the heat carrier 
flow passageway. 

[0038] As a result, at least the cylinder head of the 
internal combustion engine receives the heat of the heat 
carrier and immediately rises In temperature. Tempera- 
te tures of a wall surface of an Intake port and of a wall 
surface of a combustion chamber also rise correspond- 
ing thereto, whereby the air sucked by the internal com- 
bustion engine receives the heat from the wall surfaces 
of the intake port and of the combustion chamber, and 
35 increases in temperature. 

[0039] The Internal combustion engine including the 
heat accumulation system according to the second as- 
pect of the present invention may further comprise a fuel 
Injection inhibiting unit for Inhibiting a fuel Injection of the 
40 Internal combustion engine during the supply of the heat 
carrier by the heat carrier supply mechanism to the heat 
carrier flow passageway from the heat accumulation 
system. 

[0040] In this case, after the heat carrier supply stop- 
45 ping mechanism has stopped the supply of the heat car- 
rier to the heat carrier flow passageway from the heat 
accumulation system, specifically, the high-temperature 
heat carrier reserved in the heat accumulation system 
flows in spread through the heat carrier flow passage- 
so way of the internal combustion engine, and thereafter 
the fuel injection is started. 

[0041] As a result, the fuel injection is started after the 
temperature of the suction air has been raised. There- 
fore, the fuel becomes easy to vaporize, and the quantity 
55 of the fuel adhered to the wall surfaces of the intake port 
and of the combustion chamber decreases. 
[0042] The Internal combustion engine including the 
heat accumulation system according to the third aspect 
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of the present invention nnay further comprise a cranking 
unit for starting the cranl<ing of the internal combustion 
engine afterthe heat carrier supply stopping mechanism 
has stopped the supply of the heat carrier to the heat 
carrier flow passageway from the heat accumulation s 
system. 

[0043] This is based on an assumption of the Internal 
combustion engine Including a mechanical pump for 
feeding by pressure the heat carrier by utilizing a rota- 
tional torque of an output shaft of the engine. It Is be- 
cause there might be a case where, If the cranking of 
the internal combustion engine is started when the heat 
carrier supply mechanism supplies the heat carrier to 
the heat carrier flow passageway from the heat accu- 
mulation system with the result that the mechanical 
pump Is to be operated, the high-temperature heat car- 
rier supplied to the heat carrier flow passageway from 
the heat accumulation system unnecessarily flows out 
of the heat carrier flow passageway, or the low-temper- 
ature heat carrier having flowed out of the heat carrier 20 
flow passageway flows again into the heat carrier flow 
passageway. 

[0044] The internal combustion engine Including the 
heat accumulation system substantially according to the 
second aspect of the present invention may further com- 25 
prise, in addition to the cranking unit described above, 
a fuel Injection Inhibiting unit for inhibiting the fuel injec- 
tion of the internal combustion engine during a prede- 
temriined period since the cranking unit has started the 
cranking of the internal combustion engine. -^o 
[0045] In this case, a compression by only suction 
takes place In each of the cylinders of the Internal com- 
bustion engine during a predetermined period since the 
cranking of the Internal combustion engine has been 
started, and the wall surface inside the cylinder is 35 
wanned by the heat evolved when the suction air is com- 
pressed. As a consequence, it does not happen that the 
heat of the suction air is unnecessarily radiated to the 
wall surface inside the cylinder after the fuel injection 
has been started. 

[0046] In the internal combustion engine including the 
heat accumulation system according to the third aspect 
of the present invention, the heat carrier supply mech- 
anism may have a heat carrier passageway for connect- 
ing the heat carrier flow passageway to the heat accu- ^5 
mulation system, and a pump mechanism, operating in- 
dependently of the internal combustion engine, for feed- 
ing the heat carrier by pressure existing in the heat car- 
rier passageway. 

[0047] In this case, the heat carrier in the heat accu- so 
mulation system can be supplied to the heat carrier flow 
passageway by operating the pump mechanism even 
before starting up the internal combustion engine. Then, 
the heat carrier supply stopping mechanism stops the 
supply of the heat carrier to the internal combustion en- 55 
gine from the heat accumulation system by stopping the 
operation of the pump mechanism just when a prede- 
termined condition is established. 
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[0048] To accomplish the above object, according to 
a third aspect of the present invention, an internal com- 
bustion engine including a heat accumulation system, 
comprises an Intemal combustion engine body cooled 
or heated by circulating a heat carrier, a heater core for 
exchanging the heat between the heat carrier and the 
air for heating an interior of a car room, a heat carrier 
flow circuit for circulating the heat carrier via sand inter- 
nal combustion engine body and the heater core, a by- 
pass connected to the heat carrier flow circuit so as to 
bypass the heater core, a heat accumulation system, 
provided on the bypass, for reserving the heat carrier in 
a way that keeps the heat, and a pump mechanism, pro- 
vided on the bypass, for feeding the heat carrier by pres- 
sure existing in the bypass. 

[0049] In the thus constructed intemal combustion en- 
gine including the heat accumulation system, the heat 
accumulation system and the pump mechanism are dis- 
posed on the bypass that bypasses the heater core, and 
it therefore follows that the heat accumulation system 
and the pump mechanism are positioned in parallel with 
the heater core in the flowing direction of the heat carrier. 
[0050] When the heat accumulation system and the 
pump mechanism are In such a positional relationship 
as to be parallel with the heater core, it Is feasible to 
selectively configure the circulation circuit In which the 
heat carrier flows via all of the internal combustion en- 
gine, the heater core, the heat accumulation system and 
the pump mechanism, the circulation circuit in which the 
heat carrier flows via only the Internal combustion en- 
gine, the heat accumulation system and the pump 
mechanism, the circulation circuit in which the heat car- 
rier flows via only the heat accumulation system, the 
pump mechanism and the heater core, and the circula- 
tion circuit In which the heat carrier flows via only the 
Internal combustion engine and the heater core without 
individually providing the passageway bypassing the 
heatercore and the passageway bypassing the heat ac- 
cumulation system and the pump mechanism. 
[0051] For instance, In the case of preheating the in- 
ternal combustion engine in advance of starting up the 
internal combustion engine, the circulation circuit in 
which the heat carrier flows via only the internal com- 
bustion engine, the heat accumulation system and the 
pump mechanism, is configured, and the pump mecha- 
nism Is operated. 

[0052] In this case, the high-temperature heat carrier 
in the heat accumulation system flows into the internal 
combustion engine without via the heater core, and it 
does not happen that a flow resistance of the heat carrier 
increases on the flow route extending from the heat ac- 
cumulation system to the internal combustion engine. 
[0053] As a result, there decreases neither a flow 
quantity of the heat earner flowing into the internal com- 
bustion engine per unit time nor a quantity of the heat 
transferred to the Internal combustion engine from the 
heat carrier per unit time corresponding thereto, 
[0054] Further, when heating the air for heating an in- 
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terior of a car room under such a condition that the tem- 
perature of the heat carrier flowing out of the internal 
combustion engine is comparatively high, the circulation 
circuit in which the heat carrier flows via only the internal 
combustion engine and the heater core, is configured. s 
[0055] In this case, the high -temperature heat carrier 
having flowed out of the internal combustion engine 
flows into the heater core without via the heat accumu- 
lation system and the pump mechanism, and there is no 
possibility in which the flow resistance of the heat carrier 
Increases on the flow route extending from the Internal 
combustion engine to the heater core. 
[0056] As a consequence, there decreases neither a 
flow quantity of the heat carrier flowing into the heater 
core per unit time nor a quantity of the heat transferred 
to the car room interior heating air from the heat carrier 
per unit time corresponding thereto. 
[0057] The internal combustion engine including the 
heat accumulation system according to the third aspect 
of the present invention may further comprise a shut-off 
mechanism for shutting off a flow of the heat carrier into 
the bypass and/or the heater core. 
[0058] This is because the heat carrier is prevented 
from unnecessarily flowing into the heater core in the 
case of configuring the circulation circuit in which the 
heat carrier flows via only the Internal combustion en- 
gine, the heat accumulation system and he pump mech- 
anism in order to preheat the internal combustion engine 
in advance of starting up the internal combustion engine 
or because the heat carrier is prevented from unneces- 
sarily flowing into the heat accumulation system in the 
case of configuring the circulation circuit in which the 
heat carrier flows via only the internal combustion en- 
gine and the heater core in order to preheat the car room 
interior heating air under such a condition that the tem- 
perature of the heat carrier flowing out of the internal 
combustion engine is comparatively high. 
[0059] In the internal combustion engine including the 
heat accumulation system according to the third aspect 
of the present Invention, the heat accumulation system 
may have a heat carrier inflow port via which the heat 
carrier flowing through the bypass flows into the heat 
accumulation system, and a heat carrier outflow port via 
which the heat cannier in the heat accumulation system 
flows out toward the bypass, and the heat carrier inflow 
port and/or the heat carrier outflow port may be provided 
with a counterflow preventive mechanism for preventing 
a counterflow of the heat carrier. 
[0060] In this case, the low-temperature cooling water 
in the heat carrier circulation circuit and in the bypass 
does not unnecessarily flow into the heat accumulation 
system. 

[0061] In the internal combustion engine including the 
heat accumulation system according to the third aspect 
of the present invention, the internal combustion engine 
may include a head-sided cooling water passageway 
along which the heat carrier flows through a cylinder 
head, and a block-sided cooling water passageway 



along which the heat carrier flows through a cylinder 
block, and the heat accumulation system and the pump 
mechanism may be, when preheating the Internal com- 
bustion engine In advance of starting up the Internal 
combustion engine, constructed so that the heat carrier 
reserved in the heat accumulation system flows Into the 
head-sided cooling water passageway and subsequent- 
ly into the block-sided cooling water passageway 
[0062] In this case, the heat carrier supplied to the In- 
ternal combustion engine from the heat accumulation 
system flows into the head-sided cooling water pas- 
sageway and subsequently Into the block-sided cooling 
water passageway, and hence the heat of the heat car- 
rier is transferred preferentially to the cylinder head. 
[0063] As a result, there rises a temperature of each 
of the wall surfaces of the combustion chamber and of 
the intake port provided in the cylinder head, and vapor- 
ization of the fuel is speeded up when and after starting 
up the Internal combustion engine. In addition, a tem- 
perature of an air/fuel mixture is raised, and it Is possible 
to enhance a start-up property, stabilize the combustion 
and speed up a wamn-up. 

[0064] According to a fourth aspect of the present In- 
vention, a heat carrier supply control system comprises 
a heat-supplied body formed with a heat carrier flow 
passageway for flowing a heat carrier therethrough, a 
heat carrier supply mechanism for supplying the heat 
carrier to a heat carrier flow passageway of the heat- 
supplied body, and a heat carrier supply stopping mech- 
anism for stopping a supply of the heat carrier to the 
heat-supplied body when a predetennined condition Is 
established after the heat carrier supply mechanism has 
started supplying the heat carrier. 
[0065] What needs the warm-up at a cold time as In 
the case of the Internal combustion engine, a fuel Injec- 
tion valve of the Internal combustion engine, an electric 
motor, a transmission, a battery etc, may be exemplified 
as the heat-supplied body defined herein. 
[0066] In the thus constructed h eat carrier supply con- 
trol system, the heat carrier supply mechanism supplies 
the high-temperature heat carrier to the heat carrier flow 
passageway of the heat supplled-body at the cold time 
etc of the heat-supplied body. 

[0067] When the heat carrier supply mechanism 
starts supplying the heat carrier to the heat-supplied 
body from the heat accumulation system, the heat car- 
rier supply stopping mechanism judges whether or not 
a predetennlned condition is established. The predeter- 
mined condition given above is, for example, that the 
quantity of the heat carrier supplied to the heat carrier 
flow passageway is equal to or larger than a predeter- 
mined quantity (which is equal to or larger than, e.g., 
50%, 70%, 80%, 90% or 100% of the capacity of the 
heat carrier flow passageway) . 
[0068] The heat carrier supply stopping mechanism 
permits the supply of the heat carrier by the heat carrier 
supply mechanism till the predetermined condition de- 
scribed above is established, and stops the supply of 
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the heat carrier by the heat carrier supply mechanism 
when the predetermined condition is established. Note 
that the heat carrier supply stopping mechanism may 
permit the circulation of the heat carrier as far as an in- 
terior of the heat-supplied body is concerned after the s 
predetermined condition has been established. 
[0069] In this case, the high -temperature heat carrier 
supplied by the heat carrier supply mechanism mainly 
stays in or circulates through the heat carrier flow pas- 
sageway of the heat-supplied body, and, even if the heat io 
carrier supply mechanism and the heat carrier flow pas- 
sageway communicate with each other via a circulation 
route, the low-temperature heat carrier previously stay- 
ing in the heat carrier flow passageway Is retrained from 
flowing again into the heat carrier flow passageway. ^5 
[0070] As a result, the heat of the heat-supplied body 
is not absorbed by the low-temperature heat carrier, and 
the heat-supplied body receives the heat of the high- 
temperature heat carrier and immediately rises in tem- 
perature. ^0 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0071] 

25 

FIG. 1 is a diagram showing a configuration of a 
cooling water circulation system In a first embodi- 
ment of an internal combustion engine including a 
heat accumulation system according to the present 
invention; 5^ 
FIG. 2 is a diagram showing a flow of the cooling 
water when preheating an internal combustion en- 
gine body: 

FIG. 3 Is a diagram showing a flow of the cooling 
water when warming up the Internal combustion en- 35 
glne body; 

FIG. 4 is a diagram showing a flow of the cooling 
water when completing the warm-up of the internal 
combustion engine body; 

FIG. 5 is a diagram showing a flow of the cooling 
water in the case of operating a car room interior 
heating system when operating the interna! com- 
bustion engine body; 

FIG. 6 is a diagram showing a configuration of the 
cooling water circulation system In a second em- ^5 
bodiment of the internal combustion engine includ- 
ing the heat accumulation system according to the 
present invention; 

FIG. 7 Is a diagram showing a flow of the cooling 
water when the car room interior heating system is so 
not operated; 

FIG. 8 is a diagram showing a configuration of the 
cooling water circulation system in a third embodi- 
ment of the internal combustion engine including 
the heat accumulation system according to the 55 
present invention; 

FIG. 9 is a diagram showing a flow of the cooling 
water when preheating the internal combustion en- 
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gine body; 

FIG. 1 0 is a diagram showing a flow of the cooling 
water when warming up the internal combustion en- 
gine body; 

FIG, 11 is a diagram showing a flow of the cooling 
water when completing the wann-up of the internal 

combustion engine body; 

FIG. 1 2 is a diagram showing a flow of the cooling 
water In the case of operating the car room interior 
heating system when operating the internal com- 
bustion engine body; 

FIG. 1 3 is a diagram (1 ) showing a flow of the cool- 
ing water in the case of operating the car room in- 
terior heating system when stopping the operation 
of the internal combustion engine body; 
FIG. 14 is a diagram (2) showing a flow of the cool- 
ing water in the case of operating the car room in- 
terior heating system when stopping the operation 
of the internal combustion engine body; 
FIG. 15 is a diagram showing a configuration of the 
cooling water circulation system in a fourth embod- 
iment of the internal combustion engine including 
the heat accumulation system according to the 
present invention; 

FIG. 1 6 is a diagram showing a flow of the cooling 
water when reserving the high-temperature cooling 
water in a heat accumulator; 
FIG, 1 7 is a diagram showing a configuration of the 
cooling water circulation system in a fifth embodi- 
ment of the internal combustion engine Including 
the heat accumulation system according to the 
present invention; 

FIG, 1 8 is a diagram showing a flow of the cooling 
water when preheating the Internal combustion en- 
gine body; 

FIG. 1 9 is a diagram showing a flow of the cooling 
water when wanning up the Internal combustion en- 
gine body; 

FIG. 20 is a diagram showing a flow of the cooling 
water when completing the wamn-up of the internal 
combustion engine body; 

FIG. 21 is a diagram showing a flow of the cooling 
water in the case of operating the car room interior 
heating system when operating the internal com- 
bustion engine body; 

FIG. 22 is a diagram (1 ) showing a flow of the cool- 
ing water In the case of operating the car room in- 
terior heating system when stopping the operation 
of the internal combustion engine body; 
FIG. 23 is a diagram (2) showing a flow of the cool- 
ing water in the case of operating the car room in- 
terior heating system when stopping the operation 
of the internal combustion engine body; and 
FIG. 24 is a flowchart showing a preheating control 
routine in a sixth embodiment of the internal com- 
bustion engine Including the heat accumulation sys- 
tem according to the present invention. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0072] Specific embodiments of an Internal combus- 
tion engine including a heat accumulation system ac- 
cording to tlie present Invention, will hereinafter be de- 
scribed with reference to the accompanying drawings. 

<First Embodiment> 

[0073] To start with, a first embodiment of the present 
invention will be discussed referring to FIGS. 1 through 
5. 

[0074] FIG. 1 is a diagram schematically showing a 
configuration of a cooling system of a water cooled in- 
ternal combustion engine, for driving a vehicle, mounted 
in the vehicle. 

[0075] Referring to FIG, 1 , an internal combustion en- 
gine body 1 may be classified as a water cooled internal 
combustion engine operated by use of gasoline or a light 
oil is used as a fuel. The internal combustion engine 
body 1 has a cylinder head 1 a and a cylinder block 1 b. 
This internal combustion engine body 1 corresponds to 
a body supplied with the heat (heat-supplied body) ac- 
cording to the present invention. 
[0076] A starter motor 1 00 for rotating an unillustrated 
crank shaft of the internal combustion engine body 1 
when the electric power for driving is applied, is attached 
to the Internal combustion engine body 1. 
[0077] The cylinder head 1 a and the cylinder block 1 b 
are formed respectively with a head-sided cooling water 
passageway 2a and a block-sided cooling water pas- 
sageway 2b each serving to circulate the cooling water 
as a heat carrier. The head-sided cooling water pas- 
sageway 2a and the block-sided cooling water passage- 
way 2b communicate with each other. 
[0078] A first cooling water passageway 4 is connect- 
ed to the head-sided cooling passageway 2a and further 
connected to a cooling water inflow port of a radiator 5. 
A cooling water outflow port of the radiator 5 is connect- 
ed via a second cooling water passageway 6 to a ther- 
mostat valve 7. 

[0079] In addition to the second cooling water pas- 
sageway 6, a third cooling water passageway 8 and a 
fourth cooling water passageway 9 are connected to the 
thermostat valve 7. The third water cooling passageway 
8 is connected to a suction port of a mechanical water 
pump 1 0 driven by a rotational torque of the unillustrated 
crank shaft. A discharge port of the mechanical water 
pump 10 is connected to the block-sided cooling water 
passageway 2b. On the other hand, the fourth cooling 
waterpassageway 9 communicates with the head-sided 
cooling water passageway 2a. 

[0080] The thennostat valve 7 may be classified as a 
passageway switch valve for closing and opening any 
one of the second and fourth cooling water passage- 
ways 6, 9 in accordance with a temperature of the cool- 
ing water flowing therethrough. To be specific, the ther- 
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mostat valve 7, when the temperature of the cooling wa- 
ter flowing through the thennostat valve 7 is equal to or 
lower than a predetermined valve opening temperature 
Ti, shuts off the second cooling water passageway 6 

5 and simultaneously opens the fourth cooling water pas- 
sageway 9, whereby the third cooling water passage- 
way 8 and the fourth cooling water passageway 9 com- 
munication with each other. Further, the thermostat 
valve 7, when the temperatu re of the cooling water f low- 

10 ing through the thermostat valve 7 is equal to or higher 
than the predetermined valve opening temperature T-,, 
opens off the second cooling water passageway 6 and 
simultaneously shuts off the fourth cooling water pas- 
sageway 9, whereby the third cooling water passage- 

is way 8 and the second cooling water passageway 6 com- 
munication with each other. 

[0081 ] Next, the proximal end of a heater hose is con- 
nected to midway of the first cooling water passageway 
4. The terminal of the heater hose 11 is connected to 

20 midway of the third cooling water passageway 8 through 
which the thermostat valve 7 and the mechanical water 
pump 1 0 are connected to each other 
[0082] A cooling water heating mechanism 20, a heat- 
er core 12, an electrically-driven pump 14 and a heat 

25 accumulation container 1 5 are disposed midways of the 
heater hose 1 1 in sequence from the proximal end of 
the heater hose 11 . 

[0083] The cooling water heating mechanism 20 may 
be defined as one mode of a heat earner heating mech- 

30 anism according to the present invention and is also a 
mechanism for heating the cooling water with a heat 
source other than the heat evolved in the internal com- 
bustion engine body 1 . A combustion heater and an 
electric heater may be exemplified as this type of cooling 

35 water heating mechanism 20. 

[0084] The heater core 12 is a heat exchanger for 
transferring the heat held by the cooling water to the air 
for heating an interior of a car room. 
[0085] The electrically-driven pump 1 4 is a pump driv- 

40 en by an electric motor, and is constructed to discharge, 
from the discharge port at predetennlned pressure, the 
cooling water sucked from the suction port of the elec- 
trically-driven water pump 14. This electrically-driven 
water pump 1 4 may be defined as one mode of a pump 

45 mechanism according to the present invention. 

[0086] The heat accumulation container 15 is a con- 
tainer for reserving the cooling water in a heat retaining 
state. The heat accumulation container 1 5 has a cooling 
water Inlet 1 5d for an inflow of the cooling water into the 

50 heat accumulation container 16 from the heater hose 
1 1 , and a cooling water outlet 15d for an outflow of the 
cooling water flow toward the heater hose 11 from within 
the heat accumulation container 1 5. The cooling water 
inlet 15c and the cooling water outlet 15d are provided 

55 with one-way valves 15a, 15b for each preventing a 
counterflow of the cooling water. 

[0087] The thus constructed heat accumulation con- 
tainer 15, when fresh cooling water flows in from the 
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cooling water inlet 16c, discharges Instead high-temper- 
ature cooling water (which will hereinafter be called heat 
accumulation hot water) reserved In the heat accumu- 
lation container 15. 

[0088] Note that the cooling water inlet 1 5c of the heat 5 
accumulation container 15 is to be connected via the 
heater hose 11 to the discharge port of the electrically- 
driven water pump 1 4, and the discharge port 1 5d of the 
heat accumulation container 15 is to be connected via 
the heater hose 11 to the third cooling water passage- io 
way 8. 

[0089] The heater hose 11 is provided with a bypass 
1 3 for connecting a portion between the proximal end of 
the heater hose 1 1 and the cooling water heating mech- 
anism 20 to a portion between the tenmlnal of the heater 
hose 11 and the heat accumulation container 15. 
[0090] Herein, of the heater hose 11 extending be- 
tween the first cooling water passageway 4 and the cool- 
ing water heating mechanism 20, a hose segment ex- 
tending from the connecting point with the bypass 1 3 up 
to the first cooling water passageway 4 is called a first 
heater hose 11a, while a hose segment extending from 
the same connecting point down to the cooling water 
heating mechanism 20 is referred to as a second heater 
hose lib. A hose segment of the heater hose 11 that 25 
extends from the heater core 12 to the heat accumula- 
tion container 15, is called a fourth heater hose 11d. A 
hose segment of the heater hose 11 that extends from 
the cooling water heating mechanism 20 down to the 
heater core 12, is called a third heater hose 11c. Further, 30 
of the heater hose 11 between the heat accumulation 
container 15 and the third cooling water passageway 8, 
a hose segment extending from the connecting point 
with the bypass 13 down to the heat accumulation con- 
tainer 15, is called a fifth heater hose lie, and another 35 
hose segment extending from the same connecting 
point up to the third cooling water passageway 8 Is 
called a sixth heater hose 11f. 

[0091] A flow path switch valve 1 6 is provided at the 
connecting point of the bypass 14 to the fifth and sixth 40 
heater hoses 1 1 e, 1 1 f . This flow path valve 1 6 Is a valve 
for selectively switching a connection between the three 
passageways and a shut-off of any one of these three 
passageways. The flow path switch valve 1 6 is driven 
by an actuator constructed of, e.g., an unillustrated step 45 
motor. 

[0092] A first water temperature sensor 1 7 for output- 
ting an electric signal corresponding to a temperature of 
the cooling water flowing through the first cooling water 
passageway 4, Is fitted to a portion, in close vicinity of so 
the Interna! combustion engine body 1 , of the first cool- 
ing water passageway 4. 

[0093] A second water temperature sensor 1 8 for out- 
putting an electric signal corresponding to a tempera- 
ture of the cooling water flowing through the third cooling ss 
water passageway 8, is fitted in the vicinity of the con- 
necting point, to the third cooling water passageway 8, 
of the sixth heater hose 11f. 
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[0094] An electronic control unit (ECU) 1 9 for control- 
ling the thus configured cooling system of the internal 
combustion engine body 1 , is provided aside of this cool- 
ing system. This ECU 1 9 may be an ECU for controlling 
only the cooling water circulation system or an ECU 
serving to control both of the cooling water circulation 
system and the internal combustion engine body 1 . 
[0095] In addition to the first and second water tem- 
perature sensors 17, 18 described above, a starter 
switch 21 and an ignition switch 22, which are attached 
within the car room, are electrically connected to the 
ECU 19. The electrically-driven water pump 14, the flow 
path switch valve 16, the cooling water heating mecha- 
nism 20 and a starter motor 100, are also electrically 
connected to the ECU 19. The ECU 19 is capable of 
controlling the electrically-driven water pump 14, the 
flow path switch valve 16, the cooling water heating 
mechanism 20 and the starter motor 100, wherein the 
values relative to the operating states of the internal 
combustion engine body 1 and to the output signals of 
the variety of sensors, are used as parameters. 
[0096] Functions of the Internal combustion engine In- 
cluding the heat accumulation system in the first embod- 
iment will hereinafter be explained. 
[0097] Given at first is an explanation of a case of pre- 
heating the internal combustion engine body 1 in ad- 
vance of starting up the internal combustion engine 
body 1 . It is herein assumed that the high-temperature 
cooling water be reserved beforehand In the heat accu- 
mulation container 15. 

[0098] The ECU 19, before a start of cranking of the 

internal combustion engine body 1 , for instance, when 
the ignition switch 22 is turned ON from an OFF-state, 
controls the flow path switch valve 1 6 to shut off the by- 
pass 1 3 and to open the fifth and sixth heater hoses lie, 
11f, and supplies the electrically-driven water pump 14 
with the drive electric power in order to operate the elec- 
trically-driven water pump 14. 

[0099] In this case, not the mechanical water pump 
10 but the electrically-driven water pump 14 works, and 
hence, as shown in FIG. 2, there is fomied a circulation 
circuit in which to flow the cooling water in the sequence 
such as the electrically water pump 14-^ the fourth heat- 
er hose lid -» the heat accumulation container 15 ^ 
the fifth heater hose lie -> the flow path switch valve 
1 6 ^ the sixth heater hose 1 1 f the third cooling water 
passageway 8 the mechanical water pump 1 0 the 
block-sided cooling water passageway 2b the head- 
sided cooling water passageway 2a the first cooling 
water passageway 4 -> the first heater hose 1 1 a ^ the 
second heater hose lib -> the cooling water heating 
mechanism 20 the third heater hose 11c the heater 
core 1 2 ^ the fourth heater hose 1 1 d -> the electrically- 
driven water pump 14. This circulation circuit corre- 
sponds to a third heat carrier circulation route according 
to the present Invention. 

[0100] When the circulation circuit described above 
has been formed, the cooling water discharged out of 
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the electrically-driven water pump 1 4 flows into the heat 
accumulation container 15 via the fourth heater hose 
1 1 d. In place of this cooling water, the heat accumulation 
hot water reserved in the heat accumulation container 
1 5 is discharged out of the heat accumulation container 
15. The heat accumulation hot water discharged from 
the heat accumulation container 15 flows into the block- 
sided cooling water passageway 2b within the Internal 
combustion engine body 1 via the fifth heater hose 1 1 e, 
the sixth heater hose 1 1 f and the third cooling water pas- 
sageway 8, and subsequently flows Into the head-sided 
cooling water passageway 2a. 

[0101] Thus, when the heat accumulation hot water 
flows Into the head-sided cooling water passageway 2a 
and the block-sided cooling water passageway 2b In the 
internal combustion engine body 1, in place of this hot 
water, the low-temperature cooling water staying previ- 
ously in the head-sided cooling water passageway 2a 
and the block-sided cooling water passageway 2b, flows 
into the first cooling water passageway 4 from the head- 
sided cooling water passageway 2a and the block-sided 
cooling water passageway 2b. 

[0102] As a result, in the internal combustion engine 
body 1 , the heat of the heat accumulation hot water Is 
transferred to wall surfaces of the head-sided cooling 
water passageway 2a and the block-sided cooling water 
passageway 2b, whereby the Internal combustion en- 
gine body 1 is preheated. 

[0103] Further, In the circulation circuit, the route ex- 
tending from the heat accumulation container 16 to the 
internal combustion engine body 1 has no existence of 
the heater core, and hence unnecessary heat radiation 
from the heat accumulation hot water is prevented, with 
the result that the internal combustion engine body 1 is 
efficiently preheated. 

[0104] When the intemal combustion engine body 1 
is thus preheated, It follows that atmospheric tempera- 
tures in an unillustrated intake port and cylinders of the 
Intemal combustion engine body 1 rise. As a result, va- 
porization of the fuel when and after starting up the In- 
ternal combustion engine body 1 , is speeded up, and a 
temperature of an air/fuel mixture rises at a compression 
stroke. Therefore, a quantity of the fuel attached to the 
wall surface decreases, and an ignitibillty of the mixture 
enhances. This enhancement leads to an improvement 
of a start-up characteristic, stabilization of the fuel, and 
a reduction In warm-up operation time. 
[0105] Note that it an output signal value (which im- 
plies a temperature of the cooling water flowing out of 
the internal combustion engine body 1 ) of the first water 
temperature sensor 1 7 Is equal or lower than a prede- 
termined temperature (e.g., 50*" C) when the circulation 
circuit described above is f omned, the ECU 1 9 may raise 
the temperature of the cooling water circulating through 
the circulation circuit described above by operating the 
cooling water heating mechanism 20. 
[0106] Next, when the starter switch 21 is turned ON 
from the OFF-state, the ECU 19, after stopping the sup- 



ply of the drive electric power to the electrically-driven 
water pump 1 4, starts up the intemal combustion engine 
body 1 by applying the drive electric power to the starter 
motor 100 and an unillustrated injection valve etc. 

5 [0107] Upon a completion of the start-up of the inter- 
nal combustion engine body 1 , the mechanical water 
pump 10 is driven by the rotational torque of the crank 
shaft. Corresponding to this operation, the ECU 1 9 con- 
trols the flow path switch valve 1 6 in order to shut off the 

10 fourth heater hose 11 d, and sets the electrically-driven 
water pump 1 4 in a stopping state, 
[01 08] On this occasion , if the temperature of the cool- 
ing water is equal to or lower than a valve open temper- 
ature T^ of the thenmostat valve 7, the themriostat valve 

15 7 shuts off the second cooling water passageway 6 and 
at the same time opens the fourth cooling water pas- 
sageway 9. Hence, as shown in FIG. 3, there is formed 
a circulation circuit in which to flow the cooling water in 
the sequence such as the mechanical water pump 10 

20 the block-sided cooling water passageway 2b the 
head-sided cooling water passageway 2a the fourth 
cooling water passageway 9 the thermostat valve 7 
the third cooling water passageway 8 the mechan- 
ical water pump 10. 

25 [0109] In thiscase,thecoolingwaterexhibitingacom- 
paratively low temperature, having flowed out of the in- 
ternal combustion engine body 1 runs bypassing the ra- 
diator 5 and is not therefore cooled by the radiator 5 
more than needed. 

30 [0110] As a result, the internal combustion engine 
body 1 is not unnecessarily cooled by the cooling water, 
and it does not happen that the warm-up of the internal 
combustion engine body 1 is hindered. 
[0111] Thereafter, if the temperature of the cooling 

35 water is equal to or higher than the valve open temper- 
ature T^ of the themriostat valve 7. the themiostat valve 
7 opens the second cooling water passageway 6 and at 
the same time shuts off the fourth cooling water pas- 
sageway 9. Hence, as shown in FIG. 4, there Is formed 

40 a circulation circuit in which to flow the cooling water in 
the sequence such as the mechanical water pump 10 
the block-sided cooling water passageway 2b the 
head-sided cooling water passageway 2a the first 
cooling water passageway 4 the radiator 5 ^ the sec- 

45 ond cooling water passageway 6 thermostat valve 7 
-> the third cooling water passageway 8 the mechan- 
ical water pump 10. 

[01 12] In this case, the cooling water exhibiting a com- 
paratively high temperature, having flowed out of the in- 

50 ternal combustion engine body 1 , runs through the ra- 
diator 5, and therefore the heat of the cooling water is 
radiated by the radiator 5. As a consequence, the cool- 
ing water having the comparatively low temperature af- 
ter its heat has been radiated by the radiator 5, flows 

55 into the internal combustion engine body 1, thereby 
cooling the Internal combustion engine body 1 with this 
cooling water. 

[0113] Next, if a switch of an unillustrated car room 
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interior heating system Is turned ON when the internal 
combustion engine body 1 is In Its operation state, the 
ECU 19 controls the flow path switch valve 16 to shut 
off the bypass 13 and connect the fifth and sixth heater 
hoses lie, 1 1 f with each other. ^ 
[011 4] In this case, the electrically-driven water pump 
14 comes to the stopping state, and instead the me- 
chanical water pump 10 Is brought into the operation 
state. There is, however, fomned the same circulation 
circuit as that explained referring to FIG 2, i.e., in which io 
to flow the cooling water in the sequence such as the 
mechanical water pump 10 the block-sided cooling 
water passageway 2b the head-sided cooling water 
passageway 2a the first cooling water passageway 
4 _^ the first heater hose 11a the heater core 12 -> is 
the fourth heater hose 1 1 d -> the electrically-driven wa- 
ter pump 14 the fourth heater hose 11 d the heat 
accumulation container 15 -> the fifth heater hose lie 
-> the flow path switch valve 1 6 -> the sixth heater hose 
1 i f _^ the third cooling water passageway 8 the me- so 
chanlcal water pump 10. 

[0115] In this circulation circuit, the high-temperature 
cooling water having flowed out of the internal combus- 
tion engine body 1 runs through the heater core 12, and 
hence the heat is exchanged between the airfor heating 25 
the interior of the car room and the cooling water in the 
heater core 12. Namely, the heat of the cooling water is 
transferred to the air for heating the interior of the car 
room in the heater core 1 2. As a result, the airfor heating 
the Interior of the car room is warmed. 30 
[01 1 6] Note that when the circulation circuit described 
above Is fomned, the high-temperature cooling water 
having flowed out of the Internal combustion engine 
body 1 circulates also inside the heat accumulation con- 
tainer 15, so that the heat accumulation container 15 3s 
becomes capable of accumulating the heat of the cool- 
ing water. 

[0117] Explained herein is a case where the internal 
combustion engine body 1 in the first embodiment is 
mounted in a vehicle constructed to temporarily stop the 40 
operation of the internal combustion engine when the 
vehicle halts and so on. 

[01 1 8] The ECU 1 9, when the operation of the internal 
combustion engine body 1 is stopped In the ON-state of 
the switch of the heating system for heating the Interior 45 
of the car room, controls the flow path switch valve 16 
to shut off the sixth heater hose 11f and to connect the 
fifth heater hose lie and the bypass 13 to each other, 
and also operates the electrically-driven water pump 14 
and the cooling water heating mechanism 20. so 
[0119] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and, as shown in FIG. 5, there is formed a circulation 
circuit In which to flow the cooling water in the sequence 
such as the electrically water pump 14^ the fourth heat- ss 
er hose lid -> the heat accumulation container 15 -> 
the fifth heater hose lie -> the flow path switch valve 
1 6 the bypass 1 3 — > the second heater hoe 1 1 b 
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the cooling water heating mechanism 20 -> the third 
heater hose 1 1 c -> the heater core 1 2 -> the fourth heat- 
er hose lid the electrically-driven water pump 14. 
[0120] In this circulation circuit, the cooling water 
does not flow via the Internal combustion engine body 
1 and circulates through the heat accumulation contain- 
er 15, the cooling water heating mechanism 20 and the 
heater core 12. As a result, the heat accumulation hot 
water reserved in the heat accumulation container 15 
and/or the high-temperature cooling water heated by the 
cooling water heating mechanism 20 can reach the 
heater core 12 without flowing via the internal combus- 
tion engine body 1 . Therefore, the heat of the cooling 
water is transferred to the heater core 12 without being 
absorbed by the internal combustion engine body 1 . 
[0121] Accordingly, if the operation of the Internal 
combustion engine body 1 Is stopped in the ON-state of 
the switch of the heating system for heating the interior 
of the car room, the heat of the cooling water is trans- 
ferred to the heater core 12 without being absoriaed by 
the internal combustion engine body 1 . A performance 
of the car room interior heating system Is efficiently in- 
creased. 

[0122] Next, if there arises a necessity of reserving 
the high-temperature cooling water In the heat accumu- 
lation container 1 5 when the internal combustion engine 
body 1 is in the stopping state of Its operation, the ECU 
19 configures the same circulation circuit as the circu- 
lation circuit described referring to FIG. 5, and operates 
the cooling water heating mechanism 20. 
[01 23] In this case, the high-temperature cooling wa- 
ter heated by the cooling water heating mechanism 20 
is supplied to the heat accumulation container 15 with- 
out flowing via the internal combustion engine body 1 . 
Namely, the heat given to the cooling water from the 
cooling water heating mechanism 20 is supplied to the 
heat accumulation container 1 5 without being absorbed 
by the internal combustion engine body 1 . 
[0124] When the circulation circuit as shown in FIG. 
5 Is thus configured, the cooling water heating mecha- 
nism 20, whereby first and second heat carrier circula- 
tion routes according to the present Invention are actu- 
alized. 

[0125] As discussed above, the internal combustion 
engine including the heat accumulation system in the 
first embodiment is capable of fomning the route along 
which the cooling water circulates through the cooling 
water heating mechanism 20 and the heater core 12 
without flowing via the internal combustion engine body 
1 . Therefore, the heat given to the cooling water from 
the cooling water heating mechanism 20 is supplied to 
the heat accumulation container 15 without being ab- 
sortDed by the Internal combustion engine body 1 . As a 
result, the performance of the car room interior heating 
system can be efficiently enhanced. 
[0126] l\/loreover, the internal combustion engine in- 
cluding the heat accumulation system in the first embod- 
iment is capable of fomning the route along which the 
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cooling water circulates through the cooling water heat- 
ing mechanisnn 20 and the heat accumulation container 
15 without flowing via the internal combustion engine 
body 1 . Hence, the heat given to the cooling water from 
the cooling water heating mechanism 20 Is supplied to 5 
the heat accumulation container 15 without being ab- 
sorbed by the internal combustion engine body 1 . As a 
consequence, the heat accumulation container 15 is ca- 
pable of efficiently accumulating the heat. 
[0127] Accordingly, the Intemal combustion engine In- io 
eluding the heat accumulation system In the first embod- 
iment Is capable of efficiently preheating the internal 
combustion engine body 1, efficiently enhancing the 
perfomnance of the car room interior heating system, 
and efficiently accumulating the heat in the heat accu- is 
mulation container 15. 

[01 28] Moreover, the cooling water circulation system 
in the first embodiment can be actualized with a simple 
structure and therefore has an effect of exhibiting an ex- 
cellent mountabillty on the vehicle. 

<Second Embodiment> 

[0129] Next, a second embodiment of the Internal 
combustion engine Including the heat accumulation sys- 25 
tem according to the present invention , will be discussed 
with reference to FIGS. 6 and 7. Herein, the discussion 
will be focused on a different configuration from that In 
the first embodiment discussed above, and the repeti- 
tive explanation of the same construction is omitted. 30 
[0130] FIG. 6 is a diagram schematically showing a 
configuration of the cooling system of the internal com- 
bustion engine including the heat accumulation system 
according to the present invention. A different point of 
the second embodiment from the first embodiment de- 55 
scribed above is that a point disposed midways of the 
third heater hose 11c is connected to a point disposed 
between the heater core 12 and the electrically-driven 
water pump 14 through a bypass 25 that bypasses the 
heater core 12. 

[0131] Hereinafter, a bypass 13 for connecting the 
flow path switch valve 1 6 to a connecting point between 
the first heater hose 11a and the second heater hose 
1 1 b, Is called a first bypass 1 3. The bypass 25 for con- 
necting the third heater hose 11c to the fourth heater ^5 
hose 1 1 d is called a second bypass 25. A hose segment, 
extending from the connecting point with the second by- 
pass 25 to the cooling water heating mechanism 20, of 
the third heater hose 11c, is referred to as a seventh 
heater hose 1 1 0c, and a hose segment thereof extend- so 
ing to the heater core 1 2 is called an eighth heater hose 
111c. Further, a hose segment, extending from the con- 
necting point with the second bypass 25 to the heater 
core 1 2, of the fourth heater hose 1 1 d, Is referred to as 
a ninth heater hose 110d, and a hose segment thereof 55 
extending to the heat accumulation container 15 is 
called a tenth heater hose 11 1d. 
[0132] A flow path switch valve 26 is provided at the 
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connecting point between the seventh heater hose 
110c, the eighth heater hose 111c and the second by- 
pass 25. This flow path switch valve 26 is a valve for 
switching the connection between the three passage- 
ways and the shut-off of any one of these three pas- 
sageways, and is controlled by the ECU 19. 
[01 33] In the following discussion, the flow path switch 
valve 16 disposed at the connecting point between the 
first bypass 13, the fifth heater hose 11 e and the sixth 
heater hose 11 f, Is called a first flow path switch valve 
16, and the flow path switch valve 26 disposed at the 
connecting point between the second bypass 25, the 
seventh heater hose 11Qe and the eighth heater hose 
111cjs called a second flow path switch valve 26. 
[01 34] In the thus configured cooling water circulation 
system, if there arises a necessity of supplying the high- 
temperature cooling water to the heat accumulation 
container 15 when stopping the operation of the internal 
combustion engine body 1 , the ECU 1 9 control the sec- 
ond flow path switch valve 26 In order to shut off the 
eighth heater hose 111c and to connect the seventh 
heater hose 110c and the second bypass 26 with each 
other The ECU 1 9 also controls the first flow path switch 
valve 16 In order to shut off the sixth heater hose 11f 
and to connect the fifth heater hose lie and the first 
bypass 13 with each other, and further operates the 
cooling water heating mechanism 20 and the electrical- 
ly-driven water pump 14. 

[0135] In this case, as shown in FIG. 6, there is formed 
a circulation circuit in which to flow the cooling water in 
the sequence such as the electrically water pump 14 
the tenth heater hose 111d the heat accumulation 
container 1 5 the fifth heater hose 1 1 e ^ the first flow 
path switch valve 1 6 - the first bypass 1 3 ^ the second 
heater hose lib the cooling water heating mecha- 
nism 20 the second flow path switch valve 26 the 
second bypass 25 the tenth heater hose Hid -> the 
electrically-driven water pump 14. 
[0136] In the circulation circuit given above, the high- 
temperature cooling water heated by the cooling water 
heating mechanism 20 Is supplied to the heat accumu- 
lation container 15 via neither the internal combustion 
engine body 1 nor the heater core 12. Therefore, the 
unnecessary heat radiation from the high-temperature 
cooling water is prevented on the route extending from 
the cooling water heating mechanism 20 down to the 
heat accumulation container 1 5, and it does not happen 
that a flow resistance of the cooling water excessively 
increases. 

[01 37] As a result, there occurs neither a case where 
a flow quantity (flow rate) of the cooling water flowing 
into the heat accumulation container 1 5 per unit time un- 
necessarily decreases, nor a case where a quantity of 
the heat held by the cooling water per unit quantity un- 
necessarily decreases. It is therefore feasible to suffi- 
ciently ensure the quantity of the heat that can be accu- 
mulated in the heat accumulation container 15 per unit 
time. 
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[0138] Accordingly, the circulation circuit described 
above Is, if there occurs the necessity of reserving the 
high-tennperature cooling water in the heat accunnula- 
tion container 1 5, capable of reserving the high-temper- 
ature cooling water in the heat accumulation container 5 
15 in a short period of time even when the temperature 
of the cooling water is low. 

[0139] Next, the switch of thecar room interior heating 
system is OFF, for example, In the case of preheating 
the internal combustion engine body 1 and reserving, in io 
the heat accumulation container 15, the high-tempera- 
ture cooling water discharged from the internal combus- 
tion engine body 1, the ECU 19 controls the first flow 
path switch valve 1 6 in order to shut off the first bypass 
1 3 and to connect the fifth heater hose 1 1 e and the sixth is 
heater hose 11f with each other. The ECU 19 also con- 
trols the second flow path switch valve 26 In order to 
shut off the eighth heater hose 111c and to connect the 
seventh heater hose 110e and the second bypass 25 
with each other. 

[01 40] I n this case, as shown in FIG. 7, there Is fomned 
a circulation circuit In which to flow the cooling water In 
the sequence such as the mechanical water pump 10 
-» the block-sided cooling water passageway 2b -> the 
head-sided cooling water passageway 2a -» the first 2S 
cooling water passageway 4 -> the first heater hose 11a 
the second heater hose 1 1 b the cooling water heat- 
ing mechanism 20 the seventh heater hose 110c 
the second flow path switch valve 26 the second by- 
pass 25 the tenth heater hose 1 1 1 d -> the electrically- 30 
driven water pump 1 4 the tenth heater hose 1 1 1 d the 
heat accumulation container 1 5 the fifth heater hose 22e 
-> the first flow path switch valve 16 the sixth heater 
hose 1 1f the third cooling water passageway 8 -» the 
mechanical water pump 1 0. 55 
[01 41 ] When the circulation circuit described above Is 
configured, the cooling water the cooling water can cir- 
culate through the internal combustion engine body 1 
and the heat accumulation container 1 5 without flowing 
via the heater core 12, thereby eliminating a possibility 
that the heat of the cooling water is unnecessarily radi- 
ated in the heater core 12. Further, the circulation circuit 
described above becomes smaller both in the flow quan- 
tity of the cooling water and in the flow resistance of the 
cooling water than In the circulation circuit via the heater 
12. Therefore, loads on the electrically-driven water 
pump 1 4 and on the mechanical water pump 1 0 are re- 
duced, whereby a quantity of fuel consumption and an 
electric power consumption can be also decreased. 

50 

<Third Embodiment> 

[0142] Next, a third embodiment of the internal com- 
bustion engine including the heat accumulation system 
according to the present Invention, will be discussed ss 
with reference to FIGS. 8 through 14. Herein, the dis- 
cussion will be focused on a different configuration from 
that in the first embodiment discussed above, and the 
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repetitive explanation of the same construction is omit- 
ted. 

[0143] FIG. 8 is a diagram schematically showing a 
configuration of the cooling system of the water cooled 
internal combustion engine in the third embodiment. A 
different point of the third embodiment from the first em- 
bodiment described above is that the electrically-driven 
water pump 14 and the heat accumulation container 16 
are disposed midways of the bypass 13 in the third em- 
bodiment in contrast with a geometry in which the elec- 
trically-driven water pump 1 4 and the heat accumulation 
container 1 5 are disposed midways of the heater hose 
11 In the first embodiment. 

[0144] Referring to FIG. 8, the cooling water heating 
mechanism 20 ad the heater core 1 2 are disposed mid- 
ways of the heater hose 11 in sequence from the prox- 
imal end of the heater hose 11 . 

[0145] A first bypass 13a is connected to a point, be- 
tween the heater core 12 and the third cooling water 
passageway 8, of the heater hose 11 , and further con- 
nected to a suction port of the electrically-driven water 
pump 14. 

[0146] A second bypass 13b is connected to a dis- 
charge port of the electrically-driven water pump 1 4 and 
further connected to a cooling water inlet 1 5c of the heat 
accumulation container. 

[0147] A third bypass 13c is connected to a cooling 
water outlet 15d of the heat accumulation container 15 
and further connected to a point, between the first cool- 
ing water passageway 4 and the cooling water heating 
mechanism 20, of the heater hose 11 . 
[0148] In the following discussion, of the heater hose 
11 extending between the first cooling water passage- 
way 4 and the cooling water heating mechanism 20, a 
hose segment extending from the connecting point with 
the third bypass 13c up to the first cooling water pas- 
sageway 4 Is called the first heater hose 1 1 a, and a hose 
segment extending from the same connecting point 
down to the cooling water heating mechanism 20 Is re- 
ferred to as the second heater hose lib. A hose seg- 
ment of the heater hose 11 that extends from the cooling 
water heating mechanism 20 down to the heater core 
12, is called the third heater hose 11c, Further, of the 
heater hose 11 extending between the heater core 12 
and the third cooling water passageway 8, a hose seg- 
ment extending from the connecting point with the first 
bypass 1 3a to the heater core 1 2, is called a fourth heat- 
er hose 11 d, and another hose segment extending from 
the same connecting point to the third cooling water pas- 
sageway 8 is called the fifth heater hose lie. 
[01 49] The flow path switch valve 1 6 Is provided at the 
connecting point of the fourth heater hose lid, the fifth 
heater hose 1 1 e and the first bypass 1 3a. This flow path 
valve 16 may be defined as one mode of a shut-off 
mechanism according to the present Invention as well 
as being a valve for switching the connection between 
the three passageways and the shut-off of any one of 
these three passageways. The flow path switch valve 
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16 is driven by an actuator constructed of, e.g., an un- 
iliustrated step motor, and the actuator is controlled by 
the ECU 19. 

[01 50] Given at first is an explanation of a case of pre- 
heating the internal combustion engine body 1 in ad- 
vance of starting up the internal combustion engine 
body 1. Note that the high-temperature cooling water be, 
it is assumed, reserved beforehand in the heat accumu- 
lation container 16. 

[0151] The ECU 19, before a start of cranking of the 
interna! combustion engine body 1, for instance, when 
the ignition switch 22 is turned ON from an OFF-state, 
controls the flow path switch valve 16 to shut off the 
fourth heater hose 11 d and to connect the fifth heater 
hose lie and the first bypass 13a with each other, and 
supplies the electrically-driven water pump 14 with the 
drive electric power in order to operate the electrically- 
driven water pump 14. 

[0152] In this case, not the mechanical water pump 
1 0 but the electrically-driven water pump 1 4 works, and 
hence, as shown In FIG. 9, there is formed a circulation 
circuit in which to flow the cooling water in the sequence 
such as the electrically water pump 14 -» the second 
bypass 13b -> the heat accumulation container 15 
the third bypass 1 3c ^ the first heater hose 1 1 a -> the 
first cooling water passageway 4 -> the head-sided cool- 
ing water passageway 2a -> the block-sided cooing wa- 
ter passageway 2b the mechanical water pump 1 0 
the third cooling water passageway 8 -> the fifth heater 
hose 11e ^ the flow path switch valve 16 ^ the first 
bypass 13a the electrically-driven water pump 14. 
Namely, the circulation circuit in which the cooling water 
flows through only the electrically-driven water pump 1 4, 
the heat accumulation container 15 and the internal 
combustion engine body 1 , is configured. 
[0153] In this circulation circuit, the cooling water dis- 
charged from the electrically-driven water pump 14 
flows into the heat accumulation container 15 via the 
second bypass 13b, and in place of this cooling water, 
the heat accumulation hot water reserved in the heat 
accumulation container 15 is discharged out of the heat 
accumulation container 15. The heat accumulation hot 
water discharged from the heat accumulation container 
1 5 flows into the head-sided cooling water passageway 
2a within the internal combustion engine body 1 via the 
third bypass 13c, the first heater hose 11a and the first 
cooling water passageway 4, and subsequently flows 
Into the block-sided cooling water passageway 2b from 
the head-sided cooling water passageway 2a. 
[0154] When the heat accumulation hot water dis- 
charged from the heat accumulation container 15 flows 
into the head-sided cooling water passageway 2a and 
the block-sided cooling water passageway 2b In the in- 
ternal combustion engine body 1 , in place of this hot wa- 
ter, the low-temperature cooling water staying previous- 
ly in the head-sided cooling water passageway 2a and 
the block-sided cooling water passageway 2b, flows out 
to the third cooling water passageway 8 from the head- 



713 A2 




sided cooling water passageway 2a and the block-sided 
cooling water passageway 2b. 

[0155] When the heat accumulation hot water thus 
flows into the internal combustion engine body 1 , the 

5 heat of the heat accumulation hot water is transferred 
to wall surfaces of the head-sided cooling water pas- 
sageway 2a and the block-sided cooling water passage- 
way 2b, whereby the cylinder head la and the cylinder 
block 1 b of the internal combustion engine body 1 are 

10 preheated. 

[0156] In the circulation circuit described above, the 
heat accumulation hot water discharged from the heat 
accumulation container 15 arrives at the Internal com- 
bustion engine body 1 without flowing via the heater 

IS core 12, and hence the heat of the heat accumulation 
hot water is not unnecessarily radiated In the heater core 
1 2, and at the same time the flow resistance of the cool- 
ing water becomes lower than in the case of flowing via 
the heater core 12. 

20 [0157] Accordingly, in the circulation circuit described 
above, the quantity of the heat accumulation hot water 
flowing into the internal combustion engine body 1 per 
unit time becomes larger and the quantity of the heat 
held by the heat accumulation hot water per unit quantity 

25 also becomes greater than In the case where the heat 
accumulation hot water flows via the heater core 12. 
Hence, there increases the quantity of the heat trans- 
ferred to the internal combustion engine body 1 from the 
heat accumulation hot water per unit time, whereby the 

30 Internal combustion engine body 1 is efficiently preheat- 
ed in a short period of time. 

[0158] Further, in the circulation circuit given above, 
the heat accumulation hot water discharged from the 
heat accumulation container 15 is supplied in the se- 

35 quence such as the heat-sided cooling water passage- 
way 2a the block-sided cooling water passageway 
2b, and It therefore follows that the cylinder head 1 a Is 
preferentially preheated. As a result, both of a temper- 
ature of the wall surface of an unlllustrated Intake port 

40 of the cylinder head 1 a and an Intake temperature rise. 
Therefore, when and after starting up the Internal com- 
bustion engine body 1 , the vaporization of the fuel is 
speeded up, and the temperature of the air/fuel mixture 
rises. This leads to a reduction In quantity of the fuel 

45 attached to the wall surface, the stabilization of the fuel, 
the improvement of the start-up property and the reduc- 
tion in warm-up operation time. 

[0159] Next, when the starter switch 21 is turned ON 
from the OFF-state, the ECU 19, after stopping the op- 

50 eration of the electrically-driven water pump 14, starts 
the cranking of the Internal combustion engine body 1 
by applying the drive electric power to the starter motor 
100 and the unlllustrated injection valve etc. 
[0160] Upon a completion of the start-up of the inter- 

55 nal combustion engine body 1 , the mechanical water 
pump 10 Is driven by the rotational torque of the crank 
shaft. Corresponding to this operation, the ECU 1 9 con- 
trols the flow path switch valve 1 6 in order to shut off the 
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fourth heater hose 1 1 d, and keeps the electrically-driven 
water pump 14 In the stopping state. 
[0161] In this case, not the electrically-driven water 
pump 1 4 but only the mechanical water pump 1 0 works. 
If the temperature of the cooling water on this occasion 
is equal to or lower than the valve opening temperature 
Ti of the thermostat valve 7, the thermostat valve 7 
shuts off the second cooling water passageway 6 and 
simultaneously opens the fourth cooling water passage- 
way 9. Hence, there is fomried a circulation circuit in 
which to flow the cooling water in the sequence such as 
the mechanical water pump 1 0 the block-sided cool- 
ing water passageway 2b the head-sided cooling wa- 
ter passageway 2a the fourth cooling water passage- 
way 9 the thermostat valve 7 the third cooling water 
passageway 8 the mechanical water pump 1 0. 
[0162] By the way, if the electrically-driven water 
pump 14 comes to the stopping state and the flow path 
switch valve 1 6 shuts off the heater hose 11 d, it can be 
considered to configure a circulation circuit in which to 
flow the cooling water in the sequence such as the me- 
chanical water pump 1 0 the block-sided cooling water 
passageway 2b -> the head-sided cooling water pas- 
sageway 2a the first cooling water passageway 4 
the first heater hose 1 1 a -> the third bypass 1 3c -» the 
heat accumulation container 15 the second bypass 
13b -> the electrically-driven water pump 14 the first 
bypass 13a the flow path switch valve 1 6 ^ the fifth 
heater hose 11e the third cooling water passageway 
8 -> the mechanical water pump 10. One-way valves 
15a, 15b serving as a counterflow preventive mecha- 
nism according to the present invention are, however, 
provided at the cooling water inlet 1 5c and a cooling wa- 
ter outlet 15c of the heat accumulation container 15, and 
hence the cooling water does not circulate along the cir- 
culation circuit described above. 
[0163] Accordingly, if the temperature of the cooling 
water is equal to or lower than the valve opening tem- 
perature Ti of the themriostat valve 7 after the comple- 
tion of the start-up of the internal combustion engine 
body 1, as shown In FIG. 10, there Is formed only the 
circulation circuit in which to flow the cooling water in 
the sequence such as the mechanical water pump 1 0 
-» the block-sided cooling water passageway 2b the 
head-sided cooling water passageway 2a the fourth 
cooling water passageway 9 -> the themnostat valve 7 
the third cooling water passageway 8 -» the mechan- 
ical water pump 10. 

[0164] In this circulation circuit, the comparative ly- 
low-temporature cooling water coming out of the internal 
combustion engine body 1 , flows In a way that bypasses 
the radiator 5, so that the heat of the cooling water is 
not unnecessarily radiated by the radiator 5, As a con- 
sequence, the internal combustion engine body 1 is not 
unnecessarily cooled by the cooling water, and the 
wamn-up of the Internal combustion engine body 1 Is not 
hindered. 

[0165] Thereafter, if the temperature of the cooling 



713 A2 




water becomes higher than the valve open temperature 
of the themiostat valve 7 due to the heat evolved by 
the internal combustion engine body 1, the thermostat 
valve 7 opens the second cooling water passageway 6 

5 and at the same time shuts off the fourth cooling water 
passageway 9. Hence, as shown In FIG. 11, there Is 
formed a circulation circuit in which to flow the cooling 
water in the sequence such as the mechanical water 
pump 10 ^ the block-sided cooling water passageway 

10 2b -> the head-sided cooling water passageway 2a -> 
the first cooling water passageway 4 -> the radiator 5 
-> the second cooling water passageway 6 -> thermo- 
stat valve 7 the third cooling water passageway 8 -> 
the mechanical water pump 10, 

15 [01 66] In this case, the cooling water exhibiting a com- 
paratively high temperature, having flowed out of the in- 
ternal combustion engine body 1 , runs through the ra- 
diator 5, and therefore the heat of the cooling water is 
radiated by the radiator 5. As a consequence, the cool- 

20 ing water having the comparatively low temperature af- 
ter its heat has been radiated by the radiator 6, flows 
into the Internal combustion engine body 1, thereby 
cooling the internal combustion engine body 1 with this 
cooling water. 

25 [01 67] Next, if the switch of the unlllustrated car room 
interior heating system is turned ON when the Internal 
combustion engine body 1 is in its operation state, the 
ECU 19 controls the flow path switch valve 16 to shut 
off the first bypass 13a and to connect the fourth and 

30 fifth heater hoses lid, 11e with each other, and keeps 
the electrically-driven water pump 14 In the stopping 
state. 

[0168] In this case, only the mechanical water pump 
10 comes to the operation state, and hence, as shown 

35 in FIG. 12, there Is formed a circulation circuit in which 
to flow the cooling water in the sequence such as the 
mechanical water pump 10 ^ the block-sided cooling 
water passageway 2b the head-sided cooling water 
passageway 2a the first cooling water passageway 

40 4 ^ the first heater hose 1 1 a -> the second heater hose 
lib -> the cooling water heating mechanism 20 -» the 
third heater hose 11c the heater core 12 the fourth 
heater hose 1 1 d the flow path switch valve 1 6 ^ the fifth 
heater hose 11 e ^ the third cooling water passageway 

45 8 -> the mechanical water pump 1 0. Namely, the circu- 
lation circuit in which the cooling water flows through 
only the internal combustion engine body 1 , the cooling 
water heating mechanism 20 and the heater core 12, is 
configured. 

50 [0169] In this circulation circuit, the high-temperature 
cooling water flowing out of the Internal combustion en- 
gine body 1 flows through the heater core 12, wherein 
the heat is exchanged between the cooling water and 
the air for heating the interior of the car room. That is, 

55 the heat of the cooling water is transferred to the air for 
heating the interior of the car room, thereby warming the 
air for heating the interior of the car room. 
[0170] Moreover, in the circulation circuit described 
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above, the high-temperature cooling water having 
flowed out of the internal combustion engine body 1 Is 
supplied to the heater core 12 without flowing via the 
electrically-driven water pump 1 4 and the heat accumu- 
lation container 15. Therefore, the flow resistance of the 
cooling water does not excessively Increase on the 
route extending from the Internal combustion engine 
body 1 to the heater core 1 2. 

[0171] As a consequence, the quantity of the cooling 
water flowing into the heater core 12 per unit time can 
be made larger than In the case where the cooling water 
having flowed out of the Internal combustion engine 
body 1 flows via the electrically-driven water pump 14 
and the heat accumulation container 15. Corresponding 
thereto, the quantity of the heat transferable to the air 
for heating the interior of the car room from the cooling 
water per unit time can be Increased In the heater core 
12. 

[0172] Given next is an explanation of a case where 
the internal combustion engine body 1 in the third em- 
bodiment is mounted in a vehicle constructed to tempo- 
rarily stop the operation of the internal combustion en- 
gine when the vehicle halts and so on. 
[0173] The ECU 1 9, when the operation of the internal 
combustion engine body 1 Is stopped In the ON-state of 
the switch of the car room interior heating system, judg- 
es whether or not an output signal value (a temperature 
of the cooling water) of the first water temperature sen- 
sor 1 7 and/ or the second water temperature sensor 1 8 
Is higher than a predetemrilned temperature T2. 
[0174] The ECU 19, when Judging that the tempera- 
ture of the cooling water Is higher than the predeter- 
mined temperature Tg, controls the flow path switch 
valve 1 6 in order to connect all of the fourth heater hose 
1 1 d, the fifth heater hose 1 1 e and the first bypass 1 3a, 
and supplies the drive electric power to the electrically- 
driven water pump 1 4 to operate this water pump 1 4. 
[0175] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 wo ri<s, 
and hence, as shown in FIG. 13, there is fomried a cir- 
culation circuit in which to flow the cooling water in the 
sequence such as the electrically water pump 1 4 the 
second bypass 13b -> the heat accumulation container 
15 the third bypass 13c the first heater hose 1 1 a 
-> the first cooling water passageway 4 -> the head-sid- 
ed cooling waster passageway 2a -> the block-sided 
cooling water passageway 2b the mechanical water 
pump 1 0 the third cooling water passageway 8 -> the 
fifth heater hose 1 1 e the flow path switch valve 1 6 -> 
the first bypass 1 3c the electrically-driven water pump 
1 4. At the same time, there Is formed a circulation circuit 
in which to flow the cooling water in the sequence such 
as the electrically water pump 14 -> the second bypass 
13b -> the heat accumulation container 15 -» the third 
bypass 1 3c -> the second heater hose 11 b the cooling 
water heating mechanism 20 ~> the third heater hose 
11c ^ the heater core 12^ the fourth heater hose 11 d 
-> the flow path switch valve 16 the first bypass 13c 



the electrically-driven water pump 14. 
[0176] When the two circulation circuits described 
above are configured, the high -temperature cooling wa- 
ter flowing out of the internal combustion engine body 1 
5 and the heat accumulation hot water discharged from 
the heat accumulation container 15 are mixed and thus 
flow into the heater core 12. 

[0177] As a result, even if the mechanical water pump 
10 comes to the stopping state when the operation of 

10 the internal combustion engine body 1 is stopped, the 
high-temperature cooling waterflows through the heater 
core 1 2, whereby the performance of the car room inte- 
rior heating system does not decline. 
[0178] On the other hand, when the operation of the 

15 internal combustion engine body 1 is stopped in the ON- 
state of the switch of the car room interior heating sys- 
tem, the ECU 19, If judging that the temperature of the 
cooling water is equal to or lower than the predeter- 
mined temperature T2, controls the flow path switch 

20 valve 1 6 In order to shut off the fifth heater hose 1 1 e and 
to connect the fourth heater hose 11 d and the first by- 
pass 13a with each other, and operates the electrically- 
driven water pump 1 4 and further the cooling water heat- 
ing mechanism 20. 

25 [0179] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and hence, as shown in FIG. 14, there Is fomned a cir- 
culation circuit in which to flow the cooling water in the 
sequence such as the electrically water pump 1 4 -> the 

30 second bypass 13b -> the heat accumulation container 
15 -> the third bypass 13c the second heater hose 
11b the cooling water heating mechanism 20 the 
third heater hose 11c— > the heater core 12 the fourth 
heater hose 1 1 d ^ the flow path switch valve 1 6 -> the 

35 first bypass 13a -> the electrically-driven water pump 
14. 

[0180] In the circulation circuit described above, the 
cooling water discharged from the heat accumulation 
container 15, after being heated by the cooling water 

40 heating mechanism 20, flows into the heater core 12, 
and the heat of the cooling water is transferred to the air 
for heating the interior of the car room. 
[0181] Accordingly, the circulation circuit given above 
is capable of ensuring a heat quantity needed for the 

45 heater core 12 to heat the air for heating the interior of 
the car room in a short period of time, even if the tem- 
perature of the cooling water reserved in the heat accu- 
mulation container 15 is low. 

[0182] Next, a case of reserving the high-temperature 
50 cooling water in the heat accumulation container 15, will 
be described. 

[01 83] The ECU 1 9, when the internal combustion en- 
gine body 1 Is in the operation stopping state, judges 
whether or not an output signal value (a temperature of 
55 the cooling water) of the first water temperature sensor 
17 and/or the second water temperature sensor 18 is 
higher than a predetennined temperature T3. 
[0184] The ECU 19, when judging that the tempera- 
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ture of the cooling water is higher than the predeter- 
nnlned temperature T3, controls the flow path switch 
valve 16 In order to shut off the fourth heater hose 11 d 
and to connect the fifth heater hose 11 e and the first 
bypass 13a with each other, and operates the electrical- 
ly-driven water punnp 14. 

[0185] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and hence, as already explained refen^ing to FIG. 9, 
there is formed the circulation circuit in which to flow the 
cooling water in the sequence such as the electrically 
water pump 14 the second bypass 13b the heat 
accumulation container 1 5 -> the third bypass 1 3c-^ the 
first heater hose 11 a-^ the first cooling water passage- 
way 4 the head-sided cooling water passageway 2a 
the block-sided cooing water passageway 2b -> the 
mechanical water pump 10 the third cooling water 
passageway 8 the fifth heater hose 11e the flow 
path switch valve 1 6 -> the first bypass 1 3a -> the elec- 
trically-driven water pump 14. 

[01 86] In thus circulation circuit, when the cooling wa- 
ter flows via the head-sided cooling water passageway 
2a and the block-sided cooling water passageway 2b, 
the heat of the cylinder head 1 a and the cylinder block 
1 b is transferred to the cooling water via the wall surfac- 
es of the head-sided cooling water passageway 2a and 
the block-sided cooling water passageway 2b, so that 
the high-temperature cooling water flows out of the in- 
ternal combustion engine body 1 . 
[0187] The high -temperature cooling water having 
flowed out of the internal combustion engine body 1 
flows into the heat accumulation container 15 via the 
mechanical water pump 1 0, the third cooling water pas- 
sageway 8, the fifth heater hose 11e, the flow path 
switch valve 16, the first bypass 13a, the electrically- 
driven water pump 14 and the second bypass 13b, and 
is reserved in the heat accumulation container 15. 
[0188] The high-temperature cooling water having 
flowed from the Intemal combustion engine body 1 ar- 
rives at the heat accumulation container 1 5 without flow- 
ing via the heater core 12, thereby eliminating a possi- 
bility that the flow resistance of the cooling water on the 
route from the internal combustion engine body 1 to the 
heat accumulation container 15 unnecessarily increas- 
es, and preventing the unnecessary heat radiation from 
the high-temperature cooling water. 
[0189] Consequently, neither the flow quantity of the 
cooling water flowing into the heat accumulation con- 
tainer 15 per unit time nor the quantity of the heat held 
by the cooling water per unit quantity, unnecessarily de- 
creases. It is therefore feasible to sufficiently ensure the 
quantity of the heat that is accumulated in the heat ac- 
cumulation container 15 per unit time. 
[0190] On the other hand, in the case of reserving the 
high-temperature cooling water in the heat accumula- 
tion container 15, If the temperature of the cooling water 
is equal to or lower than the predetermined temperature 
T3, the ECU 1 9 controls the flow path switch valve 1 6 in 



orderto shut off the fifth heater hose 1 1 e and to connect 
the fourth heater hose 1 1 d and the first bypass 1 3a with 
each other, and operates the electrically-driven water 
pump 14 and further the cooling water heating mecha- 
5 nism 20. 

[0191] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and hence, as already explained referring to FIG. 14, 
there is formed the circulation circuit in which to flow the 

10 cooling water in the sequence such as the electrically 
water pump 14 -> the second bypass 13b -> the heat 
accumulation container 15 the third bypass 13c -> 
the second heater hose 1 1 b the cooling water heating 
mechanism 20 the third heater hose 1 1 c the heater 

15 core 12 -> the fourth heater hose 11d the flow path 
switch valve 1 6 the first bypass 1 3a the electrically- 
driven water pump 14. 

[0192] In the circulation circuit described above, the 
high-temperature cooling heated by the cooling water 

20 heating mechanism 20 reaches the heat accumulation 
container 15 via the third heater hose 11c, the heater 
core 1 2, the fourth heater hose 1 1 d, the flow path switch 
valve 1 6, the first bypass 1 3a, the electrically-driven wa- 
ter pump 1 4 and the second bypass 1 3b, and is reserved 

25 in the heat accumulation container 15. 

[0193] On this occasion, the cooling water heated by 
the cooling water heating mechanism 20 arrives at the 
heat accumulation container 15 without flowing via the 
internal combustion engine body 1 , thereby eliminating 

30 the possibility that the flow resistance of the cooling wa- 
ter on the route from the cooling water heating mecha- 
nism 20 to the heat accumulation container 15 unnec- 
essarily increases, and preventing the unnecessary 
heat radiation from the high -temperature cooling water. 

35 [0194] Asa result, neithertheflowquantity of the cool- 
ing water flowing into the heat accumulation container 
1 5 per unit time nor the quantity of the heat held by the 
cooling water per unit quantity, unnecessarily decreas- 
es. It Is therefore feasible to sufficiently ensure the quan- 

40 tity of the heat that is accumulated in the heat accumu- 
lation container 15 per unit time. 
[0195] Note that if the cooling water heating mecha- 
nism 20 is not provided in the cooling water circulation 
system, the high-temperature cooling water flowing out 

45 of the intemal combustion engine body 1 may be re- 
served in the heat accumulation container 1 5 by config- 
uring the circulation circuit as describer in FIG. 9 imme- 
diately after stopping the operation of the internal com- 
bustion engine body 1 . 

50 [01 96] in the internal combustion engine including the 
heat accumulation system according to the third embod- 
iment discussed above, the electrically-driven water 
pump 14 and the heat accumulation container 15 are 
provided on the bypass 13 that bypasses the heater 

55 core 1 2 and therefore disposed in parallel with the heat- 
er core 12 In the flowing direction of the cooling water. 
[0197] In this case, it is possible to configure a circu- 
lation circuit (1) in which the cooling water circulates 
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through the internal combustion engine body 1 , the heat 
accumulation container 15 and the electrically-driven 
water pump 1 4 without flowing via the heater core 12, a 
circulation circuit (2) in which the cooling water circu- 
lates through the Internal combustion engine body 1, 5 
cooling water heating mechanism 20 and the heater 
core 12 without flowing via the electrically-driven water 
pump 14 and the heat accumulation container 15, and 
a circulation circuit (3) in which the cooling water circu- 
lates through the heat accumulation container 15, the io 
electrically-driven water pump 14 and the cooling water 
heating mechanism 20 without flowing via the Internal 
combustion engine body 1 . 

[0198] As a result, in the case of supplying the internal 
combustion engine body 1 with the heat accumulation 
hot water reserved in the heat accumulation container 
15 or reserving, in the heat accumulation container 15 
the high-temperature cooling water flowing out of the in- 
ternal combustion engine body 1 , the cooling water can 
reach the internal combustion engine body 1 or the heat 20 
accumulation container 1 5 without flowing via the heater 
core 12. 

[0199] Inthecaseof supplying the heater CO re 12 with 
the hIgh-temperature cooling water flowing out of the in- 
ternal combustion engine body 1 , the cooling waterflow- 25 
ing out of the internal combustion engine body 1 can 
arrive at the heater core 1 2 without flowing via the elec- 
trically-driven water pump 1 4 and the heat accumulation 
container 15. 

[0200] In the case of supplying the heater core 1 2 with 30 
the heat accumulation hot water in the heat accumula- 
tion container 15, the heat accumulation hot water can 
arrive at the heater core 1 2 without flowing via the inter- 
nal combustion engine body 1 . 

[0201] In the case of reserving, in the heat accumula- 35 
Won container 1 5, the cooling water heated by the cool- 
ing water heating mechanism 20 or supplying the heater 
core 12 with the cooling water heated by the cooling wa- 
ter heating mechanism 20, the cooling water heated by 
the cooling water heating mechanism 20 can reach the 40 
heat accumulation container 15 or the heater core 12 
without flowing via the internal combustion engine body 
1. 

[0202] Therefore, according to the interna! combus- 
tion engine including the heat accumulation system in ^5 
the third embodiment, when supplying the cooling water 
to a desired portion, in other words, when supplying the 
heat held by the cooling water to the desired portion, it 
is feasible to minimize the number of members through 
which the cooling water flows on the route extending so 
from the cooling water supply source to the destination 
of the water supply. This eliminates the possibility of the 
excessive rise in the flow resistance of the cooling water 
and enables the cooling water to be prevented from the 
unnecessary heat radiation. It is therefore possible to ss 
actualize the efficient preheating of the Internal combus- 
tion engine and the improvement of the performance of 
the car room interior heating system. 
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[0203] Further, the cooling water circulation system In 
the third embodiment can be actualized with a simple 
structure, and hence the mountability on the vehicle 
does not decline. 

<Fourth Embodiment> 

[0204] Next, a fourth embodiment of the internal com- 
bustion engine Including the heat accumulation system 
according to the present invention, will be discussed 
with reference to FIGS. 15 and 16. Herein, the discus- 
sion will be focused on a different configuration from that 
in the third embodiment discussed above, and the re- 
petitive explanation of the same construction is omitted. 
[0205] FIG. 15 is a diagram schematically showing a 
configuration of the cooling system of the water cooled 
internal combustion engine, mounted in the vehicle, for 
driving the vehicle. A different point of the fourth embod- 
imentf rom the third embodiment described above Is that 
the cooling water heating mechanism 20 and the heater 
core 12 are replaced with each other in their positional 
relationship along the heater hose 1 1 . To be specific, the 
cooling water heating mechanism 20 is disposed closer 
to the proximal end of the heater hose 1 1 than the heater 
core 1 2 In the third embodiment, and Is disposed closer 
to the terminal of the heater hose 1 1 than the heater core 
12 In the fourth embodiment. 

[0206] In the following discussion, of the heater hose 
11 extending between the first cooling water passage- 
way 4 and the heater core 1 2, a hose segment extending 
from the connecting point with the third bypass 13a up 
to the first cooling water passageway 4 is called a first 
heater hose 1 1 a, while a hose segment extending from 
the same connecting point down to the heater core 12 
is refen^ed to as a second heater hose 1 1 b. A hose seg- 
ment of the heater hose 11 that extends from the heater 
core 12 to the cooling water heating mechanism 20, Is 
called a third heater hose 11c. A hose segment of the 
heater hose 1 1 that extends from the cooling water heat- 
ing mechanism 20 down to the flow path switch valve 
16, is called a fourth heater hose 11 d. Further, a hose 
segment of the heater hose 11 that extends from the 
flow path switch valve 1 6 to the third cooling water pas- 
sageway 8, is called a fifth heater hose lie. 
[0207] In the thus configured cooling water circulation 
system, in the case of reserving the high-temperature 
cooling water in the heat accumulation container 15, 
particularly when there arises a necessity of reserving 
the high-temperature cooling water in the heat accumu- 
lation container 15 under the condition that the output 
signal value (indicating the temperature of the cooling 
water) of the first water temperature sensor 17 and/or 
the second water temperature sensor 1 8 be equal to or 
lower than the predetermined temperature T3, the ECU 
1 9 controls the flow path switch valve 1 6 in order to shut 
off the fifth heater hose 11e and to connect the fourth 
heater hose 1 1 d and the first bypass 1 3a with each oth- 
er, and operates the electrically-driven water pump 14 
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and further the cooling water heating mechanism 20. 
[0208] In this case, with the operation of the electri- 
cally-driven water pump 14, as shown In FIG. 16, there 
is fonned a circulation circuit in which to flow the cooling 
water in the sequence such as the electrically water 
pump 14 —> the second bypass 13b — > the heat accu- 
mulation container 1 5 the third bypass 1 3c -> the sec- 
ond heater hose lib ^ the heater core 12 -> the third 
heater hose 11c the cooling water heating mecha- 
nism 20 -> fourth heater hose 1 1 d ^ the flow path switch 
valve 1 6 ^ the first bypass 1 3a the electrically-driven 
water pump 14. 

[0209] When this circulation circuit Is configured, the 
cooling water heated by the cooling water heating mech- 
anism 20 arrives at the heat accumulation container 15 
via the fourth heater hose 11 d, the flow path switch valve 
16, the electrically-driven water pump 14 and the sec- 
ond bypass 13b, and is reserved In the heat accumula- 
tion container 15. 

[0210] On this occasion, the heater core 12 does not 
exist on the route extending from the cooling water heat- 
ing mechanism 20 to the heat accumulation container 
15, thereby eliminating such a possibility that the heat 
given to the cooling waterf rom the cooling water heating 
mechanism 20 is released in the heater core 12. As a 
result, the heat given to the cooling water from the cool- 
ing water heating mechanism 20 is accumulated in the 
heat accumulation container 16 at a high efficiency. 
[021 1 ] Accordingly, according to the internal combus- 
tion engine including the heat accumulation system In 
the fourth embodiment, if there arises the necessity of 
reserving the high-temperature cooling water in the heat 
accumulation container 15, the high-temperature cool- 
ing water can be, even though the temperature of the 
cooling water is comparatively low, reserved in the heat 
accumulation container 15 in a short period of time. 

<Fifth Embodiment> 

[0212] Next, a fifth embodiment of the internal com- 
bustion engine including the heat accumulation system 
according to the present invention, will be discussed 
with reference to FIGS. 17 through 23. Herein, the dis- 
cussion wilt be focused on a different configuration from 
that in the third embodiment discussed above, and the 
repetitive explanation of the same construction Is omit- 
ted. 

[0213] FIG. 1 7 Is a diagram schematically showing a 
configuration of the cooling system of the water cooled 
internal combustion engine for driving the vehicle. A dif- 
ferent point of the fifth embodiment from the third em- 
bodiment described above is that the electrically-driven 
water pump 1 4 and the heat accumulation container 1 5 
are replaced with each other in their dispositions along 
the bypass 13. 

[0214] Referring to FIG. 17, the first bypass 13a con- 
nected to the flow path switch valve 16 is connected to 
the cooling water outlet 15d of the heat accumulation 
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container 15, The second bypass 13b is connected to 
the cooling water inlet 1 5c of the heat accumulation con- 
tainer 15 and further connected to the discharge port of 
the electrically-driven water pump 14. The third bypass 
5 13c is connected to the suction port of the electrically- 
driven water pump 1 4 and further connected to the con- 
necting point between the first heater hose 11a and the 
second heater hose lib. 

[021 5] In the thus configured cooling water circulation 
10 system, the flowing direction of the cooling water during 
the operation of the mechanical water pump 10 is the 
same as the flowing direction of the cooling water during 
the operation of the electrically-driven water pump 1 4. 
[0216] Functions ofthe Internal combustion engine in- 
15 eluding the heat accumulation system In the fifth embod- 
iment will hereinafter be explained. 
[021 7] Given at first Is an explanation of a case of pre- 
heating the internal combustion engine body 1 in ad- 
vance of starting up the internal combustion engine 
20 body 1 . 

[0218] The ECU 1 9, before a start of cranking of the 
internal combustion engine body 1 , controls the first flow 
path switch valve 1 6 to shut off the third heater hose 1 1 c 
and to connect the first bypass 1 3a and the fourth heater 
25 hose 1 1 d to each other, and the electrically-driven water 
pump 14. 

[0219] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and hence, as shown in FIG. 18, there is fonned a cir- 
30 culation circuit in which to flow the cooling water in the 
sequence such as the electrically water pump 14 the 
second bypass 13b the heat accumulation container 

15 the first bypass 13a the flow path switch valve 

1 6 -> the fifth heater hose 1 1 e -> the third cooling water 
35 passageway 8 -> the mechanical water pump 1 0 -> the 

block-sided cooling water passageway 2b ^ the head- 
sided cooling water passageway 2a the first cooling 
water passageway 4 — > the first heater hose 1 1 a — > the 
third bypass 13c ^ the electrically-driven water pump 
40 14. The circulation circuit in which the cooling water 
flows via only the electrically-driven water pump 1 4, the 
heat accumulation container 15 and the internal com- 
bustion engine body 1 . 

[0220] in this circulation circuit, the cooling water dls- 
45 charged out of the electrically-driven water pump 14 
flows into the heat accumulation container 15 via the 
second bypass 13b. In place of this cooling water, the 
heat accumulation hot water reserved in the heat accu- 
mulation container 15 is discharged out of the heat ac- 
50 cumulation container 15. 

[0221] The heat accumulation hot water discharged 
from the heat accumulation container 15 flows into the 
block-sided cooling water passageway 2b within the in- 
ternal combustion engine body 1 via the first bypass 
55 13a, the fifth heater hose lie, the third cooling water 
passageway 8 and the mechanical water pump 10, and 
subsequently flows into the head-sided cooling water 
passageway 2a. 
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[0222] Thus, when the heat accumulation hot water 
reserved in the heat accumulation container 1 5 flows in- 
to the head-sided cooling water passageway 2a and the 
block-sided cooling water passageway 2b in the internal 
combustion engine body 1 , in place of this hot water, the 5 
low-temperature cooling water staying previously in the 
head-sided cooling water passageway 2a and the block- 
sided cooling water passageway 2b, flows into the first 
cooling water passageway 4. 

[0223] As a result, in the internal combustion engine io 
body 1 , the heat of the heat accumulation hot water is 
transferred to wall surfaces of the head-sided cooling 
water passageway 2a and the block-sided cooling water 
passageway 2b, whereby the cylinder head 1 a and the 
cylinder block 1 b of the internal combustion engine body is 
1 are preheated. 

[0224] Further, in the circulation circuit, the heat ac- 
cumulation hot water discharged from the heat accumu- 
lation container 1 5 arrives at the internal combustion en- 
gine body 1 without flowing via the heater core 12. 20 
Therefore, the unnecessary heat radiation from the 
high-temperature cooling water is prevented on the flow 
route extending from the heat accumulation container 
1 5 to the Internal combustion engine body 1 , and It does 
not happen that the flow resistance of the cooling water 25 
excessively increases. 

[0225] As a result, neithertheflowquantity of the cool- 
ing water flowing into the internal combustion engine 
body 1 per unit time nor the quantity of the heat held by 
the cooling water per unit quantity unnecessarily de- 30 
creases. It is therefore feasible to sufficiently ensure the 
quantity of the heat transferable to the internal combus- 
tion engine body 1 per unit time. 
[0226] Next, when the starter switch 21 Is turned ON 
from the OFF-state, the ECU 1 9, after stopping the op- 35 
oration of the electrically-driven water pump 14, starts 
the cranking of the internal combustion engine body 1 
by applying the drive electric power to the starter motor 
100 and the unillustrated injection valve etc., thereby 
starting up the internal combustion engine body 1 . -^o 
[0227] Upon a completion of the start-up of the Inter- 
nal combustion engine body 1, the mechanical water 
pump 10 is driven by the rotational torque of the crank 
shaft. Con'espondingtothis operation, the ECU 19 con- 
trols the flow path switch valve 1 6 in order to shut off the -^5 
fourth heater hose 1 1 d, and keeps the electrically-driven 
water pump 14 In the stopping state. 
[0228] On th Is occasion , if the temperature of the cool- 
ing water is equal to or lower than the valve open tem- 
perature Ti of the thermostat valve 7, the thermostat so 
valve 7 shuts off the second cooling water passageway 
6 and at the same time opens the fourth cooling water 
passageway 9. Hence, as shown in FIG. 19, there is 
formed the circulation circuit in which to flow the cooling 
water in the sequence such as the mechanical water ss 
pump 1 0 the block-sided cooling water passageway 
2b -> the head-sided cooling water passageway 2a -> 
the fourth cooling water passageway 9 -> the thermostat 
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valve 7 the third cooling water passageway 8 the 
mechanical water pump 10. 

[0229] In this case, the cooling water exhibiting a com- 
paratively low temperature, having flowed out of the in- 
ternal combustion engine body 1 runs bypassing the ra- 
diator 5 and is not therefore cooled by the radiator 5 
more than needed. As a result, the internal combustion 
engine body 1 is not unnecessarily cooled by the cooling 
water, and It does not happen that the warm-up of the 
Internal combustion engine body 1 is hindered. 
[0230] Thereafter, if the temperature of the cooling 
water is equal to or higher than the valve open temper- 
ature T.| of the thermostat valve 7, the thermostat valve 
7 opens the second cooling water passageway 6 and at 
the same time shuts off the fourth cooling water pas- 
sageway 9. Hence, as shown in FIG. 20. there Is fonned 
the circulation circuit in which to flow the cooling water 
in the sequence such as the mechanical water pump 1 0 
the block-sided cooling water passageway 2b the 
head-sided cooling water passageway 2a the first 
cooling water passageway 4 -> the radiator 5 the sec- 
ond cooling water passageway 6 ^ thermostat valve 7 
-> the third cooling water passageway 8 the mechan- 
ical water pump 10. 

[0231] In thiscase, thecooling water exhibiting acom- 
paratively high temperature, having flowed out of the in- 
ternal combustion engine body 1 , runs through the ra- 
diator 5, and therefore the heat of the cooling water is 
radiated by the radiator 5. As a consequence, the cool- 
ing water having the comparatively tow temperature af- 
ter Its heat has been radiated by the radiator 5, flows 
into the internal combustion engine body 1, thereby 
cooling the internal combustion engine body 1 with this 
cooling water. 

[0232] Next, if the switch of the unillustrated car room 
Interior heating system is turned ON when the interna! 
combustion engine body 1 is in Its operation state, the 
ECU 19 controls the flow path switch valve 16 to shut 
off the first bypass 13a and to connect the third and 
fourth heater hoses 1 1 c, 1 1 d with each other., and keeps 
the electrically-driven water pump 14 in the stopping 
state. 

[0233] In this case, not the electrically-driven water 
pump 1 4 but only the mechanical water pump 1 0 works, 
and hence, as shown In FIG. 21 , there is formed the cir- 
culation circuit in which to flow the cooling water in the 
sequence such as the mechanical water pump 1 0 the 
block-sided cooling water passageway 2b the head- 
sided cooling water passageway 2a the first cooling 
water passageway 4 -> the first heater hose 11 a the 
second heater hose 11b the cooling water heating 
mechanism 20 ^ the third heater hose 11 c ~> the heater 
core 12 -> the fourth heater hose 11d the fifth heater 
hose 1 1 e the third cooling water passageway 8 -> the 
mechanical water pump 10. Namely, the circulation cir- 
cuit In which the cooling water circulates through the in- 
ternal combustion engine body 1 and the cooling water 
heating mechanism 20 without flowing via the heat ac- 
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cumulation container 15, is configured. 
[0234] In this circulation circuit, the high-temperature 
cooling water having flowed out of the internal combus- 
tion engine body 1 runs through the heater core 12, and 
hence the heat Is exchanged between the air for heating s 
the interior of the car room and the cooling water in the 
heater core 12. 

[0235] In the circulation circuit as shown in FIG. 21, 
the cooling water having flowed from the Internal com- 
bustion engine body 1 arrives at the heater core 1 2 with- 
out flowing via the electrically-driven waster pump 14 
and the heat accumulation container 15, thereby elimi- 
nating a possibility that the flow resistance of the cooling 
water excessively increases, and preventing the unnec- 
essary heat radiation from the high-temperature cooling 
water. 

[0236] Consequently, neither the flow quantity of the 
cooling water flowing into the heater core 12 per unit 
time nor the quantity of the heat held by the cooling wa- 
ter per unit quantity, unnecessarily decreases. It is 
therefore feasible to sufficiently ensure the quantity of 
the heat transferable to the air for heating the interior of 
the car room from the cooling water per unit time. 
[0237] Note that if the output signal value (indicating 
the temperature of the cooling water flowing out of the 
internal combustion engine body 1) is equal to or lower 
than the predetemnined temperature T2 just when the 
circulation circuit as shown in FIG. 21 is configured, the 
ECU 1 9 may raise the temperature of the cooling water 
circulating along the circulation circuit described above 
by operating the cooling water heating mechanism 20. 
[0238] The next discussion will be focused on a case 
where the internal combustion engine body 1 in the fifth 
embodiment is mounted on the vehicle constructed to 
temporarily stop the operation of the internal combus- 
tion engine when the vehicle halts and so on. 
[0239] For instance, the ECU 19, when the operation 
of the internal combustion engine body 1 is stopped in 
the ON-state of the switch of the car room Interior heat- 
ing system, judges whether or not the output signal val- 
ue (indicating the temperature of the cooling water) of 
the first water temperature sensor 1 7 and/ or the second 
water temperature sensor 18 is higher than the prede- 
temnined temperature T2. 

[0240] The ECU 19, when judging that the tempera- 
ture of the cooling water Is higher than the predeter- 
mined temperature Tg, controls the flow path switch 
valve 16 in order to connect all of the fourth heater hose 
1 1 d, the fifth heater hose 1 1 e and the first bypass 1 3a, 
and operates the electrically-driven water pump 1 4. 
[0241] in this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and hence, as shown in FIG. 22, there is formed a cir- 
culation circuit In which to flow the cooling water in the 
sequence such as the electrically water pump 14 the 
second bypass 13b -> the heat accumulation container 

15 the first bypass 13a the flow path switch valve 

1 6 the fifth heater hose 1 1 e the third cooling water 



passageway 8 -> the mechanical water pump 1 0 -> the 
block-sided cooling water passageway 2b the head- 
sided cooling water passageway 2a the first cooling 
water passageway 4 the first heater hose 1 1 a -> the 
third bypass 13c -> the electrically-driven water pump 
1 4. At the same time, there is fomned a circulation circuit 
In which to flow the cooling water in the sequence such 
as the electrically water pump 14 the second bypass 
13b the heat accumulation container 15 the first 
bypass 1 3a -> the flow path switch valve 1 6 the fourth 
heater hose 1 1 d the heater core 1 2 ^ the third heater 
hose 1 1 c the cooling water heating mechanism 20 
the second heater hose 1 1 b -> the third bypass 1 3c 
the electrically-driven water pump 14. 
[0242] When the two circulation circuits described 
above are configured, the high-temperature cooling wa- 
ter flowing out of the internal combustion engine body 1 
and the heat accumulation hot water discharged from 
the heat accumulation container 15 are mixed and thus 
flow into the heater core 12. 

[0243] As a result, even If the mechanical water pump 
10 comes to the stopping state when the operation of 
the internal combustion engine body 1 is stopped, the 
high-temperature cooling water flows through the heater 
core 1 2, whereby the perfomnance of the car room inte- 
rior heating system does not decline. 
[0244] On the other hand, when the operation of the 
internal combustion engine body 1 is stopped in the ON- 
state of the switch of the car room interior heating sys- 
tem, the ECU 1 9, if judging that the temperature of the 
cooling water Is equal to or lower than the predeter- 
mined temperature T2, controls the flow path switch 
valve 1 6 in order to shut off the fifth heater hose 1 1 e and 
to connect the fourth heater hose lid and the first by- 
pass 13a with each other, and operates the electrically- 
driven water pump 1 4 and furtherthe cooling water heat- 
ing mechanism 20. 

[0245] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and hence, as shown in FIG. 23, there Is fomned a cir- 
culation circuit in which to flow the cooling water in the 
sequence such as the electrically water pump 14 the 
second bypass 13b the heat accumulation container 

1 5 ^ the first bypass 1 3a ^ the flow path switch valve 

16 the fourth heater hose 11d-^ the heater core 12 
the third heater hose 1 1 c -> the cooling water heating 

mechanism 20 the second heater hose 11b the 
third bypass 13c the electrically-driven water pump 
14. 

[0246] In the circulation circuit described above, the 
heat accumulation hot water discharged from the heat 
accumulation container 15 and the high-temperature 
cooling water heated by the cooling water heating mech- 
anism 20 are mixed and thus flow Into the heater core 
12. 

[0247] Accordingly, it Is possible to ensure a heat 
quantity needed for the heater core 12 to heat the air for 
heating the interior of the car room in a short period of 
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time, even if the temperature of the cooling water re- 
served in the heat accumulation container 1 5 is low. The 
performance of the car room Interior heating system 
does not decline even when the operation of the Internal 
combustion engine body 1 is stopped under a condition 
where the temperature of the cooling water is low. 
[0248] Next, a case of reserving the high-temperature 
cooling water in the heat accumulation container 15, wilt 
be described. 

[0249] The ECU 1 9, when the internal combustion en- 
gine body 1 is in the operation stopping state, judges 
whether or not the output signal value (indicating the 
temperature of the cooling water) of the first water tem- 
perature sensor 17 and/or the second water tempera- 
ture sensor 1 8 is higherthan the predetermined temper- 
ature T3. 

[0250] The ECU 19, when judging that the tempera- 
ture of the cooling water is higher than the predeter- 
mined temperature T3, establishes the same circulation 
circuit as the circulation circuit explained In FIG. 18, I. 
e,, the circuit in which to flow the cooling water in the 
sequence such as the electrically water pump 1 4 the 
second bypass 13b —> the heat accumulation container 

15 -» the first bypass 13a the flow path switch valve 

1 6 -> the fifth heater hose 1 1 e -> the third cooling water 
passageway 8 the mechanical water pump 1 0 -> the 
block-sided cooling water passageway 2b the head- 
sided cooling water passageway 2a -> the first cooling 
water passageway 4 -> the first heater hose 11 a ^ the 
third bypass 13c -> the electrically-driven water pump 
14. 

[0251] In this circulation circuit, when the cooling wa- 
ter flows via the head-sided cooling water passageway 
2a and the block-sided cooling water 2b, the heat of the 
cylinder hear 1 a and the cylinder block 1 b is transferred 
to the cooling water via the wall surfaces of the head- 
sided cooling water passageway 2a and the block-sided 
cooling water 2b, with the result that the high-tempera- 
ture cooling water flows out of the internal combustion 
engine body 1 . 

[0252] The high -temperature cooling water flowing 
out of the internal combustion engine body 1 flows and 
into the heat accumulation container 1 5 via the first cool- 
ing water passageway 4 -> the first heater hose 11 a 
the third bypass 13c ^ the electrically-driven water 
pump 1 4 the second bypass 13b, and is reserved In 
this heat accumulation container 15. 
[0253] Accordingly, the high-temperature cooling wa- 
ter flowing out of the internal combustion engine body 1 
can arrive at the heat accumulation container 15 without 
flowing via the heater core 12 etc., thereby preventing 
the unnecessary heat radiation from the cooling water 
on the route extending from the Internal combustion en- 
gine body 1 to the heat accumulation container. This 
leads to an efficient accumulation of the heat in the heat 
accumulation container 15, which has been transferred 
to the cooling waterf rom the internal combustion engine 
body 1 . 



[0254] On the other hand, in the case of reserving the 
high-temperature cooling water in the heat accumula- 
tion container 15, if the temperature of the cooling water 
is equal to or lower than the predetermined temperature 

5 T3, the ECU 1 9 establishes the circulation circuit as the 
circuit shown in FIG. 23, in which to flow"the cooling wa- 
ter in the sequence such as the electrically water pump 
14 the second bypass 13b -> the heat accumulation 
container 15 -> the first bypass 13a the flow path 

10 switch valve 16 -> the fourth heater hose lid the 
heater core 1 2 -> the third heater hose 11c ^ the cooling 
water heating mechanism 20 the fourth heater hose 
1 1 d -> the third bypass 1 3c the electrically-driven wa- 
ter pump 14, and then operates the cooling water heat- 

15 ing mechanism 20. 

[0255] In this circulation circuit described above, the 
high-temperature cooling water heated by the cooling 
water heating mechanism 20 reaches the heat accumu- 
lation container 1 5 via the second heater hose 1 1 b, the 

20 third bypass 13c, the electrically-driven water pump 14 
and the second bypass 13b. 

[0256] On this occasion, the route from the cooling 
water heating mechanism 20 to the heat accumulation 
container 15 has no existences of the internal combus- 
ts tlon engine body 1 and the heater core 1 2, so that the 
unnecessary heat radiation from the cooling water is 
prevented. Furthermore, in the circulation circuit de- 
scribed above, the cooling water does not flow through 
the internal combustion engine body 1 , and hence it 
30 does not happen that the flow resistance of the cooling 
water excessively increases. 

[0257] Consequently, neither the flow quantity of the 
cooling water flowing into the heat accumulation con- 
tainer 15 per unit time nor the quantity of the heat held 

35 by the cooling water per unit quantity, decreases. It Is 
therefore feasible to sufficiently ensure the quantity of 
the heat that can be accumulated in the heat accumu- 
lation container 15 per unit time. 
[0258] According to the internal combustion engine 

40 including the heat accumulation system described 
above, the electrically-driven water pump 14 and the 
heat accumulation container 15 are provided between 
the first bypass 1 3a and the third bypass 1 3d and there- 
fore disposed In parallel with the heater core 12 in the 

45 flowing direction of the cooling water. It is therefore pos- 
sible to selectively configure the circulation circuit In 
which the cooling water flows through only the internal 
combustion engine body 1 , the heat accumulation con- 
tainer 14 and the electrically-driven water pump 15, and 

50 the circulation circuit in which the cooling water flows 
through only the internal combustion engine body 1 , the 
cooling water heating mechanism 20 and the heater 
core 12. 

[0259] As a consequence, in the case of supply ing the 
55 Internal combustion engine body 1 with the high -tem- 
perature cooling water In the heat accumulation contain- 
er 15, the cooling water flowing out of the heat accumu- 
lation container 15 can arrive at the internal corpbustion 
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engine body 1 without flowing via the heater core 12. In 
the case of supplying the heater core 12 with the high- 
temperature cooling water flowing from the Internal 
combustion engine body 1 , the cooling water flowing out 
of the internal combustion engine body 1 can arrive at 
the heater core 12 without flowing via the electrically- 
driven water pump 14 and the heat accumulation con- 
tainer 15. 

[0260] Note that the flow path switch valve 1 6 is pro- 
vided at the connecting point between the fourth heater 
hose lid, the fifth heater hose 11 e and the first bypass 
13a in the cooling water circulation system in the fifth 
embodiment, and may also be provided at a connecting 
point between the first heater hose 11a, the second 
heater hose lib and the third bypass 1 3c. 

<Sixth Embodiment> 

[0261] Next, a sixth embodiment of the intemal com- 
bustion engine including the heat accumulation system 
according to the present invention, will be discussed 
with reference to FIG. 24. Herein, the discussion will be 
focused on a different configuration from that in the third 
embodiment discussed above, and the repetitive expla- 
nation of the same construction is omitted. 
[0262] FIG. 24 is flowchart showing a preheating con- 
trol routine executed by the ECU 19 when preheating 
the Internal combustion engine body 1 in advance of 
starting up the internal combustion engine body 1 . A dif- 
ferent point of the sixth embodiment from the third em- 
bodiment is to stop the circulation of the cooling water 
and to Inhibit the start-up of the internal combustion en- 
gine body 1 till the preheating of the internal combustion 
engine body 1 Is completed when the head-sided cool- 
ing water passageway 2a and the block-sided cooling 
water passageway 2b of the internal combustion engine 
body 1 are filled with the heat accumulation hot water 
reserved in the heat accumulation container 16 on the 
occasion of preheating the Internal combustion engine 
body 1, and when the low-temperature cooling water 
previously staying in the head-sided cooling water pas- 
sageway 2a and the block-sided cooling water passage- 
way 2b are discharged from the head-sided cooling wa- 
ter passageway 2a and the block-sided cooling water 
passageway 2b. 

[0263] IVIore specifically, the ECU 19, when the starter 
switch 21 is turned ON from the OFF-state, Inhibits ap- 
plying the drive electric power to the starter motor 1 00 
and applying the drive electric power to a fuel injection 
valve, a spark plug etc provided for every cylinder of the 
internal combustion engine body 1 , then controls the 
flow path switch valve 16 to shut off the fourth heater 
hose lid and to connect the fifth heater hose lie and 
the first bypass 1 3a to each other, and further operates 
the electrically-driven water pump 1 4. 
[0264] In this case, not the mechanical water pump 
1 0 but only the electrically-driven water pump 1 4 works, 
and hence, as discussed referring to FIG. 9 in the third 



embodiment, there is fomned the circulation circuit in 
which to flow the cooling water in the sequence such as 
the electrically water pump 1 4-> the second bypass 13b 
the heat accumulation container 15 the third by- 

5 pass 1 3c the first heater hose 1 1 a -> the first cooling 
water passageway 4 the head-sided cooling water 
passageway 2a the block-sided cooing water pas- 
sageway 2b — > the mechanical water pump 10 ^ the 
third cooling water passageway 8 -> the fifth heater hose 

10 1 1 e the flow path switch valve 1 6 the first bypass 
13a ^ the electrically-driven water pump 14. 
[0265] Note that some proportion of the cooling water 
flowing into the head-sided cooling water passageway 
2a from the first cooling water passageway 4 in the cir- 

15 culation circuit given above, flows in the sequence such 
as the head-sided cooling water passageway 2a the 
fourth cooling water passageway 9 the themnostat valve 
7 the third cooling water passageway 8 the fifth 
heater hose 11e. 

20 [0266] When these circulation circuits are configured, 
the cooling water discharged from the electrically-driven 
water pump 14 flows into the heat accumulation con- 
tainer 15 via the second bypass 13b, and, in place of 
this cooling water, the heat accumulation hot water re- 

25 served in the heat accumulation container 15 is dis- 
charged from the heat accumulation container 15. 
[0267] The heat accumulation hot water discharged 
from the heat accumulation container 15 flows Into the 
head-sided cooling water passageway 2a within the In- 

30 ternal combustion engine body 1 via the third bypass 
1 3c, the first heater hose 1 1 a and the first cooling water 
passageway 4, and subsequently flows into the block- 
sided cooling water passageway 2b. 
[0268] When the heat accumulation hot water thus 

35 flows into the head-sided cooling water passageway 2a 
and the block-sided cooling water passageway 2b of the 
internal combustion engine body 1 , the low-temperature 
cooling water In place of this cooling water, which has 
been previously staying in the head-sided cooling water 

40 passageway 2a and the block-sided cooling water pas- 
sageway 2b, is discharged into the third cooling water 
passageway 8. 

[0269] As a result, in the internal combustion engine 
body 1 , the heat of the heat accumulation hot water sup- 

45 plied from the heat accumulation container 15 is trans- 
ferred to the wall surfaces of the head-sided cooling wa- 
ter passageway 2a and the block-sided cooling water 
passageway 2b, thereby preheating the internal com- 
bustion engine body 1 . 

so [0270] By the way, if the cooling water continues to 
circulate even after the heat accumulation hot water 
supplied from the heat accumulation container 15 has 
flowed in spread inside the head-sided cooling water 
passageway 2a and the block-sided cooling water pas- 

ss sageway 2b of the internal combustion engine body 1 , 
it follows that the heat accumulation hot water having 
flowed into the head-sided cooling water passageway 
2a and the block-sided cooling water passageway 2b 
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flows out of the head-sided cooling water passageway 
2a and the blocl<-sided cooling water passageway 2b, 
and besides the low-temperature cooling water, which 
has once flowed out of the head-sided cooling water 
passageway 2a and the block-sided cooling water pas- 
sageway 2b, flows again into the head-sided cooling wa- 
ter passageway 2a and the blocl<-sided cooling water 
passageway 2b. If such a phenomenon occurs, the heat 
transferred to the internal combustion engine body 1 
from the heat accumulation hot water is again absorbed 
by the cooling water, with the result that the preheating 
of the internal combustion engine body 1 is hindered. 
[0271 ] By contrast, in the sixth embodiment, the head- 
sided cooling water passageway 2a and the block-sided 
cooling water passageway 2b are filled with the heat ac- 
cumulation hot water reserved in the heat accumulation 
container 15, and, Just when the low-temperature cool- 
ing water having stayed in the head-sided cooling water 
passageway 2a and the block-sided cooling water pas- 
sageway 2b flows out of the head-sided cooling water 
passageway 2a and the block-sided cooling water pas- 
sageway 2b, the ECU 1 9 stops the operation of the elec- 
trically-driven water pump 14. 

[0272] The followings may be exemplified as methods 
of judging that the head-sided cooling water passage- 
way 2a and the block-sided cooling water passageway 
2b are filled with the heat accumulation hot water re- 
served in the heat accumulation container 15. A first 
method (1 ) is that a time (which will hereinafter be called 
a cooling water arrival time) till the heat accumulation 
hot water in the heat accumulation container 1 5 flows in 
spread through the whole of head-sided cooling water 
passageway 2a and of the block-sided cooling water 
passageway 2b since the operation of the electrically- 
driven water pump 14 has been started, is empirically 
obtained beforehand, and it is judged that the head-sid- 
ed cooling water passageway 2a and the block-sided 
cooling water passageway 2b are filled with the heat ac- 
cumulation hot water when an elapse time since the 
start of the operation of the electrically-driven water 
pump 14 becomes equal to or longer than the cooling 
water arrival time. A second method (2) is that the head- 
sided cooling water passageway 2a and the block-sided 
cooling water passageway 2b are, it is judged, filled with 
the heat accumulation hot water when an output signal 
value of the second water temperature sensor 18 pro- 
vided downstream of the head-sided cooling water pas- 
sageway 2a and the block-sided cooling water passage- 
way 2b is equal to or higher than a predetemnined tem- 
perature. A third method (3) is that the cylinder head 1 a 
or the cylinder block 1 b Is fitted with a temperature sen- 
sor corresponding to a temperature of the cylinder head 
1 a or the cylinder block 1 b, and it is judged that the head- 
sided cooling water passageway 2a and the block-sided 
cooling water passageway 2b are filled with the heat ac- 
cumulation hot water when an output signal value of this 
temperature sensor becomes equal to or higher than a 
predetermined temperature. 



[0273] When it is judged by one of these methods that 
the head-sided cooling water passageway 2a and the 
block-sided cooling water passageway 2b are filled with 
the heat accumulation hot water reserved in the heat 

5 accumulation container 1 5, the ECU 1 9 controls the flow 
path switch valve 16 in order to keep the fourth heater 
hose lid in the shut-off state, and , after stopping the 
operation of the electrically-driven water pump 1 4, starts 
up the internal combustion engine body 1 by applying 

10 the drive electric power to the starter motor 1 00, the fuel 
injection valve and the spark plug. 
[0274] In this case, the cranking of the internal com- 
bustion engine body 1 is started by operating the starter 
motor 1 00, and the mechanical water pump 1 0 operates 

15 corresponding to this cranking. Hence, as explained re- 
ferring to FIG. 10 In the third embodiment discussed 
above, there is formed the circulation circuit In which to 
flow the cooling water In the sequence such as the me- 
chanical water pump 1 0 ^ the block-sided cooling water 

20 passageway 2b -> the head-sided cooling water pas- 
sageway 2a the fourth cooling water passageway 9 
-> the thermostat valve 7 the third cooling water pas- 
sageway 8 the mechanical water pump 10. Namely, 
the circulation circuit in which the cooling water circu- 

25 lates through only the head-sided cooling water pas- 
sageway 2a and the block-sided cooling water passage- 
way 2b, Is configured. 

[0275] On this occasion, the head-sided cooling water 
passageway 2a and the block-sided cooling water pas- 

30 sageway 2b are full of the heat accumulation hot water 
supplied from the heat accumulation container 15, and 
it therefore follows that only the heat accumulation hot 
water circulates through the head-sided cooling water 
passageway 2a and the block-sided cooling water pas- 

35 sageway 2b and that the low-temperature cooling water 
does not flow into the head-sided cooling water pas- 
sageway 2a and the block-sided cooling water passage- 
way 2b. 

[0276] As a result, the heat transferred to the internal 
40 combustion engine body 1 from the heat accumulation 
hot water is not absorbed by the low-temperature cool- 
ing water, and the preheating of the internal combustion 
engine body 1 is not hindered. 

[0277] Note that the ECU 1 9 may perfomn the crank- 
45 ing of the internal combustion engine body 1 at several 
cycles by operating at first the starter motor 100 when 
starting up the internal combustion engine body 1 , and 
may subsequently operate the fuel injection valve. 
[0278] In this case, the fuel is injected after the crank- 
50 ing of the internal combustion engine body 1 has been 
performed at several cycles In a state where the fuel is 
not injected, and then the internal combustion engine 
body 1 is started up. When the cranking of the internal 
combustion engine body 1 is performed at several cy- 
55 cles in the state where the fuel is not injected, each cyl- 
inder of the internal combustion engine body 1 comes 
to have several compression strokes by only suction. As 
a result, the wall surface of the cylinder block 1 b Is heat- 
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ed by the heat evolved when the suction air is com- 
pressed, so that the heat of the suction air is not ab- 
sorbed by the wall surface of the cylinder block 1 b after 
starting the fuel injection. 

[0279] Herein, the control of the preheating in the sixth 
embodiment will specifically be explained referring to 
FIG. 24. 

[0280] FIG. 24 shows a preheating control routine. 
The ECU 19 executes this preheating control routine 
with such a trigger that the starter switch 21 is turned 
ON from the OFF-state. The preheating control routine 
is previously stored in a ROM of the ECU 19. 
[0281] The ECU 1 9 judges, at first in S2401 in the pre- 
heating control routine, whether or not the starter switch 
21 Is turned ON from OFF. 

[0282] The ECU 19, when judging in S2401 that the 
starter switch 21 is not turned ON from OFF, finishes 
executing this routine, 

[0283] While on the other hand, the ECU 19, when 
judging in S2401 that the starter switch 21 is turned ON 
from OFF, advances to S2402. 

[0284] In S2402, the ECU 19 Inhibits applying the 
drive electric power to the starter motor 1 00 and the fuel 
injection valve as well, thereby Inhibiting the operations 
of the starter motor 100 and of the fuel injection valve. 
Namely, the ECU 19 inhibits the start-up of the internal 
combustion engine body 1 In S2402. 
[0285] In S2403, the ECU 19 controls the flow path 
switch valve 16 to shut off the fourth heater hose lid 
and to connect the fifth hose lie and the first bypass 
1 3a with each other, and operates the electrically-driven 
water pump 1 4, thereby supplying the head-sided cool- 
ing water passageway 2a and the biock-sided cooling 
water passageway 2b with the heat accumulation hot 
water reserved in the heat accumulation container 15. 
[0286] In S2404, the ECU 19 inputs an output signal 
value THW of the second water temperature sensor 1 8. 
[0287] In S2405, the ECU 19 judges whether or not 
the output signal value THW, inputted in S2404, of the 
second water temperature sensor 1 8 is equal to or high- 
er than a predetermined temperature. 
[0288] The ECU 19, when judging in S2405 that the 
output signal value THW of the second water tempera- 
ture sensor 1 8 is lower than the predetermined temper- 
ature, deems that the heat accumulation hot water re- 
served in the heat accumulation container 15 does not 
flow in spread through the whole of the head-sided cool- 
ing water passageway 2a and of the block-sided cooling 
water passageway 2b, and executes again the process- 
es after S2404 onward. 

[0289] While on the other hand, the ECU 1 9, when 
judging in S2405 that the output signal value THW of 
the second water temperature sensor 1 8 is equal to or 
higher than the predetemnined temperature, deems that 
the heat accumulation hot water reserved in the heat 
accumulation container 15 flows in spread through the 
whole of the head-sided cooling water passageway 2a 
and of the block-sided cooling water passageway 2b, 
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and goes forward to S2406. 

[0290] In S2406, the ECU 1 9 stops the circulation of 
the cooling water by a halt of applying the drive electric 
power to the electrically-driven water pump 14. 

5 [0291] In S2407, the ECU 19 perfomns the cranking 
of the Internal combustion engine body 1 by applying 
the drive electric power to the starter motor 1 CO. 
[0292] In S2408, the ECU 1 9 increments a value In a 
storage area of a counter C that is preset in a RAM etc 

10 of the ECU 19, This counter C counts an elapse time 
since the start of the operation of the starter motor 1 00, 
[0293] In S2409, the ECU 1 9 judges whether or not a 
counter value, updated in S2408, of the counter C Is 
equal to or larger than a predetermined value. 

IS [0294] The ECU 19, when judging in S2409 that the 
counter value of the counter C is less than the predeter- 
mined value, executes again the processes after the 
S2408 onward. 

[0295] While on the other hand, the ECU 19, when 

20 judging in S2409 that the counter value of the counter 
C Is equal to or larger than the predetenntned value, ad- 
vances to S241 0, wherein the ECU 19 pennlts applying 
the drive electric power to the fuel injection valve and 
thus starts up the internal combustion engine body 1 . 

25 [0296] Subsequently, the ECU 1 9 resets the value in 
the storage area of the counter C to "0" in S2411 , and 
thereafter finishes executing the present routine. 
[0297] Thus, the ECU 19 executes the preheating 
control routine, thereby actualizing a heat carrier supply 

30 means, a heat carrier supply stopping mechanism, a 
cranking means and a fuel injection Inhibiting means ac- 
cording to the present invention. 
[0298] Accordingly, under the preheating control in 
the sixth embodiment, the circulation of the cooling wa- 

35 ter is stopped just when the heat accumulation hot water 
reserved In the heat accumulation container 1 5 flows in 
spread through the whole of the head-sided cooling wa- 
ter passageway 2a and of the block-sided cooling water 
passageway 2b. Hence, it neither happens that the heat 

40 accumulation hot water supplied to the head-sided cool- 
ing water passageway 2a and the block-sided cooling 
water passageway 2b flows out of the head-sided cool- 
ing water passageway 2a and of the block-sided cooling 
water passageway 2b nor happens that the low-temper- 

^5 ature cooling water having once flowed out of the head- 
sided cooling water passageway 2a and of the block- 
sided cooling water passageway 2b flows again into the 
head-sided cooling water passageway 2a and of the 
block-sided cooling water passageway 2b. As a conse- 

50 quence, the heat transferred to the internal combustion 
engine body 1 from the heat accumulation hot water Is 
not absorbed again by the cooling water. 
[0299] Further, under the preheating control in the 
sixth embodiment, the cranking of the internal combus- 

55 tion engine body 1 Is conducted in the state of inhibiting 
the fuel Injection, and therefore the compression by only 
suction takes place In each of the cylinders of the inter- 
nal combustion engine body 1 , and the cylinder block 
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1 b is heated by the heat produced when the suction air 
is conripressed. As a result, the wall surfaces of the in- 
take port and of the cylinders of the internal combustion 
engine body 1 are promptly preheated by a multiplier 
effect of the heat of the heat accumulation hot water cir- 
culating through the head-sided cooling water passage- 
way 2a and of the block-sided cooling water passage- 
way 2b and the compression of the suction air, with the 
result that a temperature of the suction air and a tem- 
perature of a compression end rise. Therefore, the fuel 
vaporization is speeded up, and a temperature of the 
air/fuel mixture increases. Then, it is possible to reduce 
a quantity of the fuel adhered to the wail surface, stabi- 
lize the combustion, enhance a start-up property and 
decrease a warm-up operation time. 
[0300] Note that the discussion on the preheating 
control routine in the sixth embodiment has been made 
by giving the example of counting the elapse time since 
the start of the operation of the starter motor 1 00 and 
performing the cranking based on only the suction till 
the elapse time reaches the predetermined time. There 
may also be, however, counted a total sum of the 
number of rotations of the crank shaft from the start of 
the operation of the starter motor 1 00 and performed the 
cranking based on only suction till the total sum comes 
to a predetermined value. 

[0301] Further, the internal combustion engine has 
been exemplified in the sixth embodiment as a body 
supplied with the heat according to the present Inven- 
tion, the heat-supplied body is not, however, limited to 
the internal combustion engine and may also be an elec- 
tric motor, a battery, a transmission and so on. 
[0302] Disclosed is a technology capable of efficiently 
supplying a heater core 1 2 or a heat accumulation sys- 
tem 15 or an internal combustion engine body 1 with 
cooling water heated by a cooling water heating mech- 
anism 20 by restraining an unnecessary heat radiation 
from the cooling water in an internal combustion engine 
Including the heat accumulation system. The Internal 
combustion engine including the heat accumulation sys- 
tem has a first heat carrier circulation route on which the 
heat carrier circulates through the cooling water heating 
mechanism 20 and the heater core 12 without via the 
Intemal combustion engine body 1 , a second heat car- 
rier circulation route on which the heat carrier circulates 
through the cooling water heating mechanism 20 and 
the heat accumulation system 1 5 without via the internal 
combustion engine body 1 , and a heat carrier circulation 
route on which the heat carrier circulates through the 
heat accumulation system 15 and the internal combus- 
tion engine body 1 , and is capable of properly selecting 
these routes. 



Claims 

1 , An internal combustion engine including a heat ac- 
cumulation system, comprising: 
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an internal combustion engine body cooled or 
heated by circulating a heat carrier; 
a heater core for exchanging the heat between 
said heat carrier and the air for heating an Inte- 
5 riorof acarroom; 

a heat accumulation system for reserving said 
heat carrier in a way that keeps the heat; 
heat carrier heating means for heating said 
heat carrier; 

10 a first heat carrier circulation route extending in 

circulation through said heat carrier heating 
means and said heat core without through said 
internal combustion engine body ; 
a second heat carrier circulation route extend- 

15 ing In circulation through said heat carrier heat- 

ing means and said heat accumulation system 
without through said Internal combustion en- 
gine body; and 

a third heat carrier circulation route extending 
20 in circulation through said Internal combustion 

engine body and said heat accumulation sys- 
tem. 

2. An Internal combustion engine including a heat ac- 
25 cumulation system according to claim 1 , wherein 

said first heat carrier circulation route, said second 
heat carrier circulation route and said third heat car- 
rier circulation route have a route in common to 
each other, and 
30 a pump mechanism for feeding said heat car- 

rier by pressure Is disposed on said common route. 

3. An internal combustion engine including a heat ac- 
cumulation system according to claim 1 , wherein 

35 said heat carrier heating means, said heater core, 
said pump mechanism and said heat accumulation 
system are disposed on a route common to said first 
heat carrier circulation route and said second heat 
carrier circulation route as well as being disposed 

40 in series in this sequence in a flowing direction of 
said heat carrier. 

4. An internal combustion engine including a heat ac- 
cumulation system according to claim 2, wherein 

45 said heat carrier heating means, said heater core, 
said pump mechanism and said heat accumulation 
system are disposed on a route common to said first 
heat carrier circulation route and said second heat 
carrier circulation route as well as being disposed 

50 in series In this sequence in a flowing direction of 
said heat carrier. 

5. An internal combustion engine including a heat ac- 
cumulation system according to claim 1, further 

55 comprising a first short-circuit passageway, diverg- 
ing from more downstream in the heat carrier flow- 
ing direction than said heat accumulation system 
and connected to an upstream point of said heat 
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carrier heating mechanism, for configuring a route 
extending in circulation through said heat carrier 
heating means, said heater core, said pump mech- 
anism and said heat accumulation system. 

5 

6. An internal combustion engine including a heat ac- 
cumulation system according to claim 1 , further 
comprising a second short-circuit passageway, di- 
verging from more downstream in the heat carrier 
flowing direction than said heat carrier heating io 
means, connected to an upstream point of said 
pump mechanism and bypassing said heater core. 

7. An Internal combustion engine Including a heat ac- 
cumulation system according to claim 1 , wherein is 
said heater core and said heat accumulation sys- 
tem are disposed In parallel with each other in the 
heat carrier flowing direction, and 

said first heat carrier circulation route and said 
second heat carrier circulation route are configured 20 
so that a route extending in circulation through said 
pump mechanism, said heat accumulation system, 
said heat carrier heating means and said heater 
core without via said Internal combustion engine 
body, can be formed. 

8. An internal combustion engine Including a heat ac- 
cumulation system according to claim 7, wherein 
said heat carrier heating means is disposed more 
downstream in the heat carrier flowing direction 30 
than said heater core and more upstread than said 
heat accumulation system on said first heat carrier 
circulation route and said second heat carrier circu- 
lation route. 

35 

9. An Internal combustion engine including a heat ac- 
cumulation system, comprising: 

heat carrier flow passageways, formed in a cyl- 
inder head and a cylinder block of said internal ^0 
combustion engine, for flowing a heat carrier 

through; 

a heat accumulation system for reserving said 
heat carrier in a way that keeps the heat; 
heat can'ler supply means for supplying said 
heat carrier In said heat accumulation system t 
said heat carrier flow passageway of at least 
said cylinder head of said internal combustion 
engine when or before starting up said internal 
combustion engine; and so 
heat carriersupply stopping means for stopping 
the supply of said heat carrier to said heat car- 
rier flow passageway from said heat accumu- 
lation system when a predetermined condition 
Is established after said heat carrier supply ss 
means has started supplying the heat carrier. 

10. An internal combustion engine including a heat ac- 
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cumulation system according to claim 9, wherein 
said heat carrier supply means has a heat carrier 
passageway for connecting said heat carrier flow 
passageway to said heat accumulation system, and 
a pump mechanism, operating independently of 
said internal combustion engine, for feeding said 
heat carrier by pressure existing In said heat carrier 
passageway, and 

said heat carrier In said heat accumulation 
system is supplied to said heat carrier flow pas- 
sageway by operating said pump mechanism be- 
fore starting up said internal combustion engine. 

11. An internal combustion engine including a heat ac- 
cumulation system according to claim 9, further 
comprising fuel injection inhibiting means for Inhib- 
iting a fuel injection of said Internal combustion en- 
gine during the supply of said heat carrier by said 
heat carrier supply means to said heat carrier flow 
passageway from said heat accumulation system. 

12. An internal combustion engine Including a heat ac- 
cumulation system according to claim 9, further 
comprising cranking means for starting the cranking 
of said internal combustion engine after said heat 
cannier supply stopping means has stopped the sup- 
ply of said heat carrier to said heat carrier flow pas- 
sageway from said heat accumulation system. 

13. An Internal combustion engine including a heat ac- 
cumulation system according to claim 12, further 
comprising fuel injection inhibiting means for inhib- 
iting the fuel injection of said interna! combustion 
engine during a predetennlned period since said 
cranking means has started the cranking of said in- 
ternal combustion engine. 

14. An Internal combustion engine including a heat ac- 
cumulation system according to claim 9, wherein 
said heat carrier supply stopping means stops said 
heat carriersupply means from supplying said heat 
carrier on the condition that the temperature of said 
internal combustion engine reaches a predeter- 
mined temperature or higher. 

15. An internal combustion engine including a heat ac- 
cumulation system according to claim 9, wherein 
said heat carrier supply stopping means stops said 
heat carrier supply means from supplying said heat 
carrier on the condition that a predetermined time 
elapses since said heat canrler supply means has 
started supplying said heat carrier. 

16. A heat carrier supply control system comprising: 

a heat-supptled body formed with a heat carrier 
flow passageway for flowing a heat carrier 
therethrough; 
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heat carrier supply means for supplying said 
heat carrier to a heat carrier flow passageway 
of said heat-supplied body; and 
heatcarriersupply stopping means for stopping 
a supply of said heat carrier to said heat-sup- 
ptled body when a predetemnined condition is 
established after said heat carrier supply 
means has started supplying said heat carrier. 

17. A heat carrier supply control system according to 
claim 16, wherein said heat carrier flow passage- 
way and said heat carrier supply means communi- 
cate with each other via a circulation route for said 
heat carrier. 

18. A heat carrier supply control system according to 
claim 16, wherein said heatcarriersupply stopping 
means stops the supply of said heat carrier to said 
heat-supplied body on the condition that said heat 
carrier flow passageway be supplied with a prede- 
termined or larger amount of heat carrier. 

19. A heat carrier supply control system according to 
claim 1 6, wherein said heat-supplied body is at least 
one selected from an internal combustion engine, a 
transmission, a heater core, an electric motor and 
a battery. 



through said bypass flows into said heat accumula- 
tion system, and a heat carrier outflow port via 
which said heat carrier in said heat accumulation 
system flows out toward said bypass, and 
5 said heat carrier inflow port and/or said heat 

carrier outflow port is provided with a counterflow 
preventive mechanism for preventing a counterflow 
of said heat cannier. 

10 23. An internal combustion engine including a heat ac- 
cumulation system according to claim 20, wherein 
said internal combustion engine includes a head- 
sided cooling water passageway along which said 
heat carrier flows through a cylinder head, and a 

IS block-sided cooling water passageway along which 
said heat carrier flows through a cylinder block, and 
said heat accumulation system and said 
pump mechanism are, when preheating said inter- 
nal combustion engine in advance of starting up 

20 said internal combustion engine, constructed so 
that said heat carrier reserved in said heat accumu- 
lation system flows into said head-sided cooling wa- 
ter passageway and subsequently Into said block- 
sided cooling water passageway. 

25 



20. An internal combustion engine including a heat ac- 
cumulation system, comprising: 

an internal combustion engine body cooled or 
heated by circulating a heat carrier; 
a heater core for exchanging the heat between 
said heat carrier and the air for heating an Inte- 
rior of a car room; 

a heat carrier flow circuit for circulating said 
heat carrier via sand internal combustion en- 
gine body and said heater core; 
a bypass connected to said heat carrier flow cir- 
cuit so as to bypass said heater core; 
a heat accumulation system, provided on said 
bypass, for reserving said heat carrier in a way 
that keeps the heat; and 
a pump mechanism, provided on said bypass, 
for feeding said heat carrier by pressure exist- 
ing in said bypass. 
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21. An internal combustion engine including a heat ac- 
cumulation system according to claim 20, further 
comprising a shut-off mechanism for shutting off a 
flow of said heat carrier Into said bypass and/or said 
heater core. 



50 



22. An internal combustion engine including a heat ac- 
cumulation system according to claim 20, wherein 
said heat accumulation system has a heat carrier 
inflow port via which said heat carrier flowing 
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